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Executive Summary 
Introduction 
The factual evidence regarding the status of East Timor's land use and vegetative coverage is scant. 
Significant anecdotal evidence suggests changes in vegetation patterns have occurred. To improve factual 
knowledge regarding these issues it is possible to utilize existing satellite imagery. Methods of remote sensing 
can be utilized to examine coverage of the earth surface and determine changes in land use and land cover. In 
June 2000, the Environmental Protection Unit (EPU) of the UN East Timor Transitional Administration 
(ETTA) approached Australian Centre for Remote Sensing (ACRES) to obtain satellite data with the view of 
undertaking a historical assessment ofland cover. 
This study seeks to address the following aims: 
• Classify land cover types with a specific focus on vegetation cover, 
• Undertake an assessment of land cover types using supervised image classification and vegetation indices; 
• Determine the extent of major change in vegetation cover between 1989 and 1999, and; 
• Discuss patterns in change and causes of major change during the time period. 
Methods 
This study used two Landsat TM (Thematic Mapper 5 and 7) images provided by the Australian Centre for 
Remote Sensing (ACRES). The data were from 20th September 1989 and 8th September 1999 covering 
approximately 50% of East Timor's western land mass. 
Two main questions were addressed using satellite images: What was there in 1989 and 1999 and what has 
changed between those years? Two main techniques were used: comparison by cross-classification of results 
from maximum likelihood classification and comparison of vegetation index images between 1989 and 1999. 
Results 
There was a decline in dense forest, forest and woodland areas (see Table ES-1). Woodlands particularly 
displayed the largest decline in area. Increases in human modified plantation areas and coffee areas were also 
apparent. However, the largest single increase occurred in the degraded woodlands category. 
Table ES-1. Change in vegetation cover types 1989-1999 
Cover type Area (lan2) Percent of area Area (lan2) Percent of area 
1989 1989 1999 1999 
Dense forest I 410.5 5 265.02 3 
Forest 833.3 10 758.78 9 
Plantation 260.57 3 421.43 5 
Forest/coffee 467.19 6 575.05 7 
Woodland 2555.64 31 1497.56 19 
Woodland (poor) 568.48 7 1749.06 22 
Heath/shrub 213.45 3 401.69 5 
Table ES-2. Change in vegetation cover in districts 
Aileu Ainaro Oecussi Bobonaro Covalima 
Area change (krn~) 98.95 130.27 187.06 251.09 137.46 
Percent change 15.20 11 .86 24.72 20.10 18.74 
Dili Ermer a Liquica Mana tutu Manufahi 
Area change (krn~) 32.57 117.69 86.54 119.48 30.31 
Percent change 15.65 15.19 17.64 8.76 4.07 
The largest loss of naturally occurring vegetation were in the districts ofBobonaro, Oecussi and Covalima. 
Other changes in distribution of vegetative cover in the districts were also noted: 
• Decreases of dense forest cover were apparent in all districts except for Mana tutu and Manufahi where 
cover increased. 
• Compared to dense forest, the change in forest cover was more variable. Whilst a small overall decline 
was discernable it was not as large as with the dense forest category. Declines in forest cover were shown 
in Covalima, Ainaro, and Manufahi. Some districts showed an increase in forest cover including 
Liquica, Ermera and Oecussi. 
• Decline in woodland cover between 1989 and 1989 was apparent in all districts. 
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Discussion 
Methods used in this study were able to indicate trends in vegetation cover from 1989 to 1999 including: 
Dense For est 
• A net loss of FPC, mostly to forest and woodland cover; 
• Deforestation to agricultural land use and heath/shrub land cover; 
Forest 
• A net loss of forest FPC, mostly to woodland; 
• Deforestation to agricultural land use and heath/shrub land cover; 
Woodland 
• A net loss of FPC to degraded woodland; 
• Deforestation to agricultural land and heath/shrub cover. 
Within East Timor there is an amount of anecdotal and visual evidence that suggests that forest change and 
loss has been caused by a range of factors including: 
• Logging practices undertaken by the Indonesian officials and military; 
• Logging undertaken by local people; 
• Occurrence of fire; 
• Livestock grazing; 
• The possible use of defoliants and fire by Indonesian forces during the resistance struggle; 
• Conversion of forested land for agriculture. 
Two of the most significant causes of conversion of land cover to another land use is the intensification of 
swidden agriculture and fire . 
Scarcity 
The dense forest and forest categories include forest cover between 30% and 100% FPC and these areas 
provide most of the ecosystem services and livelihoods role for the population of East Timor. Lower levels of 
cover per head of population suggest that the livelihoods of a significant portion of the rural poor is being 
affected, has been affected and will continue to be seriously affected with current levels of forest loss. Results 
for the study area show forest cover is measured at 0.58ha per person. However, the figures on a district by 
district basis varied dramatically from 0.05ha/per person in Dili District up to 1.6ha/per person for Manufahi. 
It has been estimated that forests supply only about one third of wood fuels (Matthews eta!., 2000; FAO, 
2000). The balance is obtained from other sources, including woodlands, roadsides, backyards and community 
woodlots. This is apparent in East Timor where the majority of fuel wood comes from the tropical savannah 
woodlands. Degraded woodlands found in the ground truth exercise were all Eucalyptus platyphylla, which 
were used on a regular basis by local communities for fuelwood supplies and in some instances grazing. From 
the study it was noticeable that Dili has a reduced level of woodland cover. This is likely to cause fuelwood 
shortages and the need to find fuelwood from further a field. 
Forest Fragmentation 
This study determined that deforestation in East Timor is only an acute problem where direct conversion to an 
alternative land use has occurred. In the majority, the rate of change is a perverse progression from dense 
forest to forest to woodland and degraded woodland. 
Dili, Covalima, Bobonaro and Manufahi districts were examined for forest fragmentation (dense forest and 
forest areas) using two measures, number of patches and mean patch size. These four districts all showed 
increases in the total number of patches recorded between 1989 and 1999. The number of patches below 50 
hectares in size is increasing and those above 50 hectares in size are decreasing over time. This highlights an 
increasing trend in forest fragmentation to smaller patches. This is supported by an analysis of mean patch 
size that shows declines from 1989 to 1999 as follows: 
• Dili- 0.64ha to 0.40ha 
• Covalima- 1.13ha to 0.63ha 
• Bobonaro- 0.62ha to 0.54ha 
• Manufahi- 0.61ha to 0.57ha 
Conclusions 
The characteristics of ecosystems are largely driven by vegetation. Of the three main "dimensions" of 
vegetation: structure, dynamics and taxonomy, the first two are readily monitored using remote sensing 
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(Graetz, 1989). Vegetation structure models have been mostly based on a two-dimensional framework of 
projected foliage cover (FPC), adopted in this study. Its main advantage is that it covers both, cover 
(abundance) and structure (vertical distribution ofbiomass) (Graetz, 1989). The additional advantage ofFPC 
framework is, that it uses the same, vertical perspective as remote sensing instruments do. 
It should be reiterated that remotely sensed images are not an end in themselves, but should be treated as one 
of the data sets within a GIS. Clearly, a number of data layers within a GIS are relatively "static", such as 
topography, soils, rainfall distribution or roads. Vegetation, on the other is one of the more dynamic 
components and should be regularly updated or modelled, as a dynamic feature depending on the management 
needs. 
This study has provided some insight into the application of remote sensing techniques to changes at the 
ecosystem level. This tool provides an insight for land managers that would only normally be available with 
more expensive ground research activities. This provides the opportunity for adaptive environmental 
management in key areas ofland management. For example: 
• Identifying areas of land use intensification as in agricultural uses and the associated extent of vegetation 
loss. For example, Bobonaro, Oecussi and Covalima where land use intensification has occurred. 
Further use of GIS overlays and remotely sensed data could help to defme problem areas. 
• Identifying scarcity in specific resources such as fuelwood. This provides valuable input into policy 
issues such as energy and targeting of specific programmes to alleviate problems associated with scarcity. 
For example, in and around Dili where there is an extreme scarcity offuelwood. 
• Identifying areas where ecosystem loss is most severe. From this study it is obvious that Bobonaro, 
Covalima and Oecussi have suffered large losses of natural ecosystems. Cause and effect relationships 
could be further examined in these areas with a view to developing methods for protection of remaining 
forested lands. This may be a pressing need if sustaining the livelihoods of forest dwellers is suffering as 
a result of increasing demand for timber products and agricultural land. 
• Application of remotely sensed data to determine extent of degradation in major watersheds. This 
provides an analytical tool for the direction of restoration programme and funding. 
• Protection of biodiversity and ecosystem services through identification of patch sizes. The diversity of 
ecosystems is under threat in East Timor and conservation of areas with significant remnant forest stands 
needs to be encouraged. This could form part of any proposal to receive funding from the Global 
Environmental Facility (GEF) under the Convention on Biodiversity- a potential source of funding. 
• Development of strategies to target identified problem areas where fire intervals are known to be 
impacting on natural ecosystems. For example Bobonaro and Manatutu where fire occurrence is high or 
increasing. 
Whilst this pilot study has had a limited scope, the usefulness of its application is apparent. There is no doubt 
that the study could be extended to the eastern parts of the country in an attempt to provide a holistic picture. 
Furthermore, the value of the study could be enhanced with some further ground truthing and defmition of 
botanical composition of forest areas. 
Current land managers need to be cognizant of the impacts and depletion of resources that has occurred under 
previous administration in East Timor. Future management will need to rely on inventories of existing forest 
resources. However, utilisation of these resources needs to be balanced with programmes which encourage 
conservation and restoration of ecosystems. It is certain that future land management strategies need to be 
different from what has preceded. How this develops in a free and independent East Timor remains a 
challenge for politicians, managers, donor agencies, and the community. 
7 
Assessing Vegetation Change in East Timor using Landsat Thematic Mapper Data 
Table of Contents 
1. INTRODUCTION ..... .. .. ....... . ... .. ...... ..... . .. ........................... .. ..... .. . ... ............ . .................... ...... ... ....... ....... ...... . 11 
2. LITERATUREREVIEW ....... .. . .. .. .. .. .... . .... . .. ... . ... .... .. ..... ... .. .. . .................... .......... . ............ .... .. ....... ... ..... . ..... . ... 12 
2.1. Regional Level Studies ............ .. ..... ........... ..... .. .... ... ........................................ ... ........ ............. ........... 12 
2.2. East Timor Country Studies ...................................... ............ ............................ .................... ...... ....... 12 
3. METHODS .......... ... .. .. .. .... .. .... ... .. ........ ........... ... ... ..... . ... ... .. ... . .. .......... .. . ...... .. ...... ..... .. .. .. ..... . ... .. .. . .......... .... ... 14 
3 .1. Introduction ........... .... ..... ..... ...... ............ ..... .. ...... ..... ...... ....... .. ......... ... .... ... ...... .... ..... ..... ... ......... ... ... ... 14 
3.2. Data ............... .............. ................. ................. ... ... .... ......... .............. .... ...... ...... ... ........... ... ............ .. ..... 14 
3.3. Remote sensing methods ........ ....... ......... ........ ... .......... .................... .. ........ ... .... ...... ...... ..... ... .............. 15 
3. 3.1. Ground truth in g ........... .... ................. ......... .... .. .. ..... .... .................. ... .......... ...... .... ...... ........... ....... 15 
3.3.2. Supervised classification ..... .... .. .... ...... .......... ..... ..... ..... .. .. ...... .. ........... .. ... ...... .... .. .. .. .................. 15 
3.3.3. Change Detection ................ .... ... ....... ............. ... ................ .......... .... .... ... ....... ... ....................... .. . 16 
3.4. Vegetation index analysis ............................. ..... ............ .. ... ........ ....... ................................ ... ... ......... .. 16 
3.4.1. Normalised Difference Vegetation Index ....... .. ... .. .... ......................................... .. .. .................... 16 
3.5. Accuracy Assessment and Errors ........... ........... ....... ..... .... .. .. ..... .............. ............. ..... .... .............. .. .. .. 16 
3 .6. Land Cover Categories ..................... ....... ... ....... ....... .. ........ ... ............ ...... ....... ............................ .... .... 17 
4. RESULTS .. ... .. . .................................................................... ... ............... ....... ..... . .......................................... 19 
4.1. Overall trends in 1989 and 1999 .... ..... ... ........ ......... ........... ..... .............. .. ........................................... 19 
4.2. Trends by District 1989 to 1999 ....................... .. .. ..... .. ................... .... ..... .... ... .......... .. .. ............. ......... 20 
4.2.1. Dense Forests ... ... ... .......... ........ .. .. .. ................ ... .... ........................... ...... ..... ..... ................. ... ...... 20 
4.2.2. Forests .. ................. ........ .... .... ... .. .. .. ............... ... ... ....... .. .......... .. .... ... .. .. ................ ..... .... .......... .... 21 
4.2.3. Woodlands ... ...................... ............................. ..... ........ .. ....... .. .. .... ... .... ......... ...... .................. ..... . 22 
4.3. Overall Temporal and Spatial Trends 1989 to 1999 .. ............... .................................... ......... ....... ...... 23 
4.4. Vegetation Index Analysis ........... .. ..... ... .. ........ ..... ........ .......... .............. ...... ....................... ........ ........ 23 
5. DISCUSSION .. ......... .. ... ... .... . .................... .. ....... .... ....... . .... . .. .. . .... . ... .. .. . ................. .. ........... .. ........... .. ...... . .. .. 24 
5 .1. Comparison to Other Studies ................. .. ............................... ... ..... ... ...... ..... .... ........ ....... ........ ........ .. 24 
5.2. Usefulness of Landsat TM Data ............ .... ......... ..... .... ...... ......................... .. ... ...... ...... .... ...... .. ........ ... 25 
5.3. Extent of Change in Vegetative Cover ............................................................................................... 26 
5.4. Causes of Vegetation Change ............. ... ... .. .... .... .... ...... ... ...................................... .... .. ..... ... .......... ..... 28 
5. 4.1. Swidden Agriculture ....................................................... ..... .......... .. ............. .. .... ..... ..... ... ... ........ 29 
5.4.2. Fire ..... .................................. ................ ....... ........ .......... .... ... ...... ...... ... ....... .... .... ... ....... .. ..... ....... 30 
5.5. Measuring Utility and Change in Vegetation Cover ............. .. ... ....... .. ..... .......... ............................... . 32 
5.5.1. Sustaining Livelihoods ......... ...... ................................... .. ... ... ............ ... .... .... ...... ..... ....... .... .. ...... 32 
5.5.2. Ecosystem Services ..... ................... ..... ... ..... .... .. .. ... .. ... ........... ........... ....... .. .. .................... ... ...... .. 32 
5.5.3. Scarcity ... ............................. ........ ..... ..... ............. ....... .... ..... ... .. ... ... ... .... .... .... ..... .. ...... .. ..... ... .. ..... 32 
5.5.4. Biodiversity and Forest Fragmentation ......... ... ....... ....................... ......... .. .... .. .... ........... .. ......... 35 
6. CONCLUSIONS ...... ... ... ............................................................. ......... ... . .. ... .. ..... ... .. . ... .. .. .. .. .... . . ..... .. ..... ..... ... 37 
7. REFERENCES ............ .... . .. .. ... .. .. .. .. ... . ...... . ..... . .................... ... . ... .. .... . ................... ... . ........ . .. ...... ........ . .... . .. .... 39 
ACKNOWLEDGEMENTS 
Appendices 
Appendix 1- Data by Land Cover Class for Study Area- 1989 and 1999 
Appendix 2- Data by District and Land Cover Category - 1999 
Appendix 3 -Data by District and Land Cover Category- 1989 
8 
I 
List of Tables 
Table 1. Areas of dense forest, sparse forest and no forest, 1972 and 1999 ... .. ................ ....... ............ ....... ... 13 
Table 2. Estimated area and percentage for major land use categories ......................................................... 13 
Table 3 Spectral bands and ground resolution of Landsat 5 and Landsat 7 Thematic Mapper. .................... 14 
Table 4 Land cover categories used in this report ....... .................................... .................... .......................... 18 
Table 5. Summary ofland cover mapping in 1989 including average error for each land category ............. 19 
Table 6. Summary ofland cover mapping in 1999 including average error for each land category ............. 20 
Table 7. Area cover of dense forest 89- 99 and change (km2) ... ........................... . ........ .. ............................ 20 
Table 8. Area cover of forest 89-99 and change (km2) ..................................................................... .. ........ 21 
Table 9. Area cover ofwoodland 89-99 and change (km2) ....... ................................................................. 22 
Table 10 Area of change (km2) for 3 land cover categories; dense forest, forest and woodlands between 
1989-1999 . ... ... ..... ............. ........ ............... .......... .... ... ... ...... .......... ............ .. .......... ... ........ .. .................. ...... . 23 
Table 11 Percentage change (of district area) for 3 land cover categories; dense forest, forest and, 
woodlands- 1989-1999 ............................................................................................................................... 23 
Table 12 Comparison of results from studies ................................................................................................ 24 
Table 13. Areas burnt in 1989 and classification in 1999 ...................... ........ ................. ... .... .. .. ................... 30 
Table 14. Area of vegetation cover per capita by district- 1999 ................................................................... 33 
Table 15 Area of vegetation cover per capita by district- 1999 - excluding districts without full coverage 
in study area .. .... .. ... ..... ........ ........ ...... ..... ........... .... ..................... ..... .. .. .. ............. ........................... .......... ....... 33 
List of Figures 
Figure 1. District Map of East Timor ....... .. ........ .. .... ...................................... ......................................... ...... 10 
Figure 2. Satellite data coverage for 1989 and 1999 images ... ............. ... ..... ............... .... .............................. 15 
Figure 3. Distribution ofGPS points .................................. ........................................ ............. .... .... .............. 15 
Figure 4. Major land cover categories in 1989 derived from supervised classification .................... .......... .. 19 
Figure 5. Major land cover categories in 1999 derived from supervised classification ...................... ....... ... 19 
Figure 6. Change in dense forest cover 1989 to 1999 as a percentage of the district area ... ...... .... ....... ..... ... 20 
Figure 7. Change in forest cover 1989 to 1999 as a percentage of the district area ... ............ .. .................... . 21 
Figure 8. Change in woodland cover 1989 to 1999 as a percentage of the district area ........ ........................ 22 
Figure 9. Cross classification in dense forest cover 1989- 1999 .................................. .. .............................. 26 
Figure 10. Cross classification in forest cover 1989- 1999 .......................................................................... 27 
Figure 11. Cross classification in woodland cover 1989- 1999 .................. .. ............................................... 28 
Figure 12. Cross classification in dense forest, forest and woodland cover in Oecussi between 1989 and 
1999 .............. ... ....... ....... ......... ....... .... ........ .......... .... ............ ... .... .... ........ ..... ................ ........ .................... ....... 28 
Figure 13. Fire scar 1989 (LHS) and 1999 (RHS) for the study area (Oecussi not included) ....................... 30 
Figure 14. Cross classification of frre scars Bobonaro District (part) 1989- 1999 ... .. ...................... ... ........ 31 
Figure 15. Changes in area of woodland communities, 1989- 1999 ............................................................ 34 
Figures 16. Number of forest patches (30%-100% FPC) <50 hectares (LHS) and >50 hectares (RHS) 1989 
- 1999 extracted from classified images . ... ................................. ... ............................................... ................ . 36 
Figure 17. Mean patch size for forest patches (30%-100% FPC), 1989-1999 extracted from classified 
images . ...... ....... .... ... .. ...... .............. ..... ...... ...... ... ... ......... ........ ...... .... ............. .................................................. 36 
9 
East Timor 
Refere nce Map 
-··- lnternallmal ta.Jndary 
---·- DIStrict b..."'U1dny 
Road 
Sav u s~a 
A"'~u Island iquele 
Ma umcla 
llerau 
nM baJm:h niiS ;MdtllN7JC5 shn"m ¥UJ d'UI J!"'!J-''11 110t;S 
t.'~ on Ius r1qD d., IJDI lf7\D'Y "ffJCiiJI cndC7'S«<TMln fT 
11 a:cp 1 :ar~~:e by riHI Unofll!d N.ll lo.m.. 
I.I.JpNo. f l i l UW IED t~TPt~S 
Janaury200 1 
Figure 1. District Map of East Timor 
s,-,.;, of~..,,.,,.,. 
Timor Sea 
,. 
.u IS l'O rm 
I O Kisar #slana 
Dilparllr-..n o l l'ubll:;: lnlo wnalll:lll 
Culogrnfh< :50lit:LII;f1 
10 
1. INTRODUCTION 
The factual evidence regarding the status of East Timor's land use and vegetative coverage is scant. Between 
1975 and 1989 East Timor was a closed province under Indonesian occupation. This changed between the 
years of 1989 and 1999 when East Timor was 'opened up' to some extent allowing more freedom of 
movement and recognition of the changes in East Timor's governance and public administration. With the 
movement towards independence and the establishment of a United Nations transitional administration in 1999 
significant attention has been placed on the impact of colonial rule (both Portuguese and Indonesian) on East 
Timor's natural resources, and the current status of vegetative coverage on the land mass area. 
Significant anecdotal evidence suggests changes in vegetation patterns have occurred due to exploitation of 
timber reserves, inappropriate land use practices and in some instances the use of defoliants (author, personal 
experience, Erikstad et al., 2001 ). Whilst there is some evidence to suggest deforestation is a major 
environmental problem ( cf., Cinatti, 1950; Metzner, 1977), there are little scientific data to support these 
views. Furthermore, it is also impossible to rely on the accuracy of data published by the Indonesian 
authorities (Erikstad et al., 2001). 
To improve factual knowledge regarding these issues it is possible to utilise existing satellite imagery. 
Methods of remote sensing can be utilised to examine coverage of the earth surface and determine changes in 
land use and land cover. In June 2000, the Environmental Protection Unit (EPU) of the UN East Timor 
Transitional Administration (ETTA) approached the Australian Centre for Remote Sensing (ACRES) to obtain 
satellite data with the view of undertaking a historical assessment ofland cover. AUSLIG has provided (free 
of charge) two Landsat Thematic Mapper (TM) data scenes, one from 1989 and one from 1999. These data 
are georeferenced and represent the earliest available Landsat TM data and most recent at the time of request. 
The scenes provided and the study area is shown in Figure 2. 
Multispectral satellite images have been identified as a cost effective, accurate and timely method of acquiring 
information on land use and cover. Several studies have demonstrated that satellites provide data more 
frequently and at lower cost compared to traditional methods of ground survey and aerial photography (Jensen, 
1983). Many studies have focused on developing image-processing techniques to separate land-related 
information as well as change-detection techniques. For example, some studies have highlighted the principal 
component analysis (PCA) technique as suitable for combining multitemporal images (Byrne et al., 1980; 
Fung and LeDrew, 1987; Ingebritsen and Lyon, 1985). Other studies concentrated on image enhancements or 
image-classification techniques to provide information on the presence or absence and nature of change in land 
cover and use over time (Moreton and Richards, 1984; Gong and Howarth, 1989; Jensen and Toll, 1982; 
Jensen, 1996). 
In this study, land use (i.e. activities in the catchment) and land cover (i.e. resources and characteristics of the 
surface) were studied to establish the nature of change and its possible relationship to management practices. 
We have also used vegetation indices for change detection and to check results of major shifts in vegetation 
distribution. Vegetation indices (such as Normalised Difference Vegetation Index, or NDVI) are useful in 
assessing greenness and to some extent condition of the vegetation cover. When applied to images obtained 
from different season or year, vegetation index images help to measure changes in spatial pattern and 
condition of vegetation over time. 
This study seeks to address the following aims: 
• Classify land cover types with a specific focus on vegetation cover, 
• Undertake an assessment of land cover types using supervised image classification and vegetation indices; 
• Determine the extent of major change in vegetation cover between 1989 and 1999, and; 
• Discuss patterns in change and causes of major change during the time period. 
Through this process it will be possible to identify the major environmental threats to the ecological integrity 
of East Timor's natural environment. This type of work is important in assisting natural resource management 
techniques and future policies on protection of East Timor's environment. 
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2. LITERATURE REVIEW 
2.1. Regional Level Studies 
Changes in land surface cover at the global, continental and country scale are gaining greater attention with the 
increasing awareness of issues such as climate change, biodiversity, ecosystem integrity, ecosystem services, 
logging and deforestation. The need for information has facilitated the increased use of satellite data to 
determine patterns of change in the earth's land cover. For example, global forest estimates are undertaken by 
institutions such as the United Nations Food and Agriculture Organisation (FAO) (Forest Resources 
Assessment, FAO, 2000) and World Resources Institute (WRl) (Pilot Analysis of Global Ecosystems, 
Matthews et al. , 2000). Continental and regional level studies are also undertaken by a range of institutions 
(cf, Little Green Data Book From World Development Indicators, World Bank, 2000). 
Given that these studies report on estimated changes at the country and regional level it is a pre-requisite that a 
framework of definitions is provided. For example, the FAO (in Forest Resources Assessment, 2000) defmes 
forest cover as: 
"Forests are lands of more than 0.5 ha, with a tree canopy cover of more than 10 percent, 
which are not primarily under agricultural or urban land use. " 
The World Resources Institute takes a more ecological approach describing forests as: 
"Terrestrial ecosystems dominated by trees, where the tree canopy covers at least 
10 percent of the ground area. " (Matthews et. al., 2000). 
Whilst these defmitions are relatively straight forward, the efforts to report changes in land cover are often 
fraught with difficulty. This is mostly due to media attention and the level of involvement of many different 
groups in forest change issues (FAO, 2000). Deforestation is often used as a universal term to express loss of 
cover or changes to forest cover. However, it is the extent of loss (or conversion) that will determine the 
ecological impacts of the land use activity. The FAO defines deforestation as: 
"Annual deforestation refers to the permanent conversion of natural forest area to 
other uses, including shifting cultivation, permanent agriculture, ranching, settlements, 
and infrastructure development. Deforested areas do not include areas logged but 
intended for regeneration or areas degraded by fuelwood gathering, acid precipitation, 
or forest fires (FAO; 2000). " 
Results from the FAO (2000), Forests Resource Assessment estimate East Timor 's forest cover at 507,000 ha 
or 34.3% of total land surface area. It estimates annual change 1 -3,000ha/pa or -0.6%/pa. 
The World Bank has also estimated forest cover for Indonesia and uses similar definition of forest as WRl and 
F AO. In this publication it was estimated that forest area in Indonesia was 58% of total land area, yet the 
coverage for the region was estimated at 27.2%. It also estimated annual rates of deforestation (%change) as 
1.2% for Indonesia and 0.2% for the region (World Bank, 2000). 
2.2. East Timor Country Studies 
Erikstad et al., (2001) undertook a broad scale evaluation to determine to what extent deforestation has been a 
predominant process in East Timor during the last three decades. That is, what were the vegetation cover 
changes between 1972 and 1999. The assessment based on two satellite images and unsupervised image 
classification identified 3 main categories. These categories were; "dense forest", "sparse forest" and "no 
forest". Whilst limited defmition has been given to these classes, they are based on aerial interpretation using 
a helicopter for ground truthing. Dense forest provided a clear spectral signature for remote sensing whereas 
some confusion surrounded sparse forest class, which included " .. . a variety of forest types, e.g. the mixture of 
small fields and secondary forest found in swidden agriculture " (Erikstad et al., 2001 ). 
These results (Table 1) show a decline in dense forest area of9% over the 27-year period. Erikstad et al. 
(2001) state that some regional differences between the western and eastern end of East Timor are obvious. 
That is, the western part of East Timor has suffered from more loss of dense forest cover. Erikstad et al. 
(200 1) also state that these figures should be considered as preliminary, yet, some support to the anecdotal 
evidence can be gathered from these results. 
1 See FAO (2000) for definition of annual change. 
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Table 1. Areas of dense forest, sparse forest and no forest, 1972 and 1999. 
1972 1999 
Forest Type Area (ha) % Area (ha) % 
Dense forest 321542 25 207654 16 
Sparse forest 324558 26 246196 19 
No forest 624546 49 816796 65 
Total area* 1270646 100 1270646 100 
(from Erikstad eta/., 2001) * Note: total area does not include the enclave ofOecuss1 
It is unclear, from this study, as to whether deforestation means complete loss of vegetation cover or a 
landscape level change to some other formation. The classifications used are also unclear for comparative 
purposes. 
Recent work using land use classification was undertaken by the GIS Unit within East Timor Transitional 
Administration (Hunt, 2001). This was based primarily on data review, satellite imagery and aerial 
photograph interpretation and reconnaissance level survey. Whilst it did not use specific remote sensing 
techniques, it provided information on classification of land cover and land use. This method involved 
reconnaissance level survey and on screen digitizing. This system was adapted specifically to assist natural 
resource management within the predominant agricultural sector of East Timor. This applies to the utilisation 
of resources in productive sectors such as forestry, crop production, livestock grazing and horticulture. 
Table 2. Estimated area and percentage for major land use categories. 
Land Use Category Area km2 % 
Forested land 11001.42 73 .75 
Non-productive dryland 532.408 3.57 
Non-productive wetland 7.787 0.05 
Agricultural land 2418 .863 16.22 
Commercial agriculture 649.966 4.36 
Aquaculture 0 0.00 
Villages and scattered gardens 104.638 0.70 
Settlements and Industrial land 141.249 0.95 
Lakes 60.436 0.41 
Total 14916.767 100.00 
(from Hunt, 2001). 
Each of the major categories was subdivided into land use classes and sub-classes to allow flexibility in 
recording specific land use types across different areas of East Timor. Of most importance for this study is the 
assessment of forested land. Most noticeable is the discrepancy of figures between the two studies. Hunt 
(2001) suggests forested land covers 73.75% of East Timor's land mass. Hunt (2001) describes forested land 
as anything with a canopy cover of30% or greater. By comparison, Erikstad et al. (2001) estimate forested 
area as only being 35% of East Timor's land mass in 1999. This represents a discrepancy of38.75% between 
the two studies. 
There remains considerable discrepancy between the studies undertaken as well as difficulties in the range of 
definitions used. Therefore, the following study will deal with vegetative change from an ecosystems 
perspective. That is, through classifying vegetation groupings on projected foliage cover (FPC), canopy height 
and broad dominant vegetative groupings provide basic ecosystem classification. This provides the basis for 
analyzing changes in ecosystems over the ten-year time frame using specific quantitative remote sensing 
methods. 
13 
3. METHODS 
3.1. Introduction 
There are a number of approaches to detecting change in land cover. First major group of techniques is 
focused on comparison based on corrected spectral band information (band differencing and ratios), multi-date 
composite image analysis or spectral change vector analysis. This approach requires an accurate suite of 
parameters to correct for variables unrelated to real change, such as Sun angle, atmospheric absorption and so 
on. A second group of techniques relies on comparison of post-classification data, including comparisons of 
vegetation indices (Jensen, 1996). In this study, very little data on historical parameters were available; hence 
the second approach was adopted as more appropriate. 
Two main questions were addressed using satellite images: What was there in 1989 and 1999 and what has 
changed between those years? Two main techniques were used: comparison by cross-classification of results 
from maximum likelihood classification and comparison of vegetation index images between 1989 and 1999. 
In addition, results of mapping major change in NDVI differences were compared to results of supervised 
image classification. This aimed to identify areas and cover types in the landscape, which had significant 
change in NDVI (2 standard deviations from the mean). This approach also aimed to confirm or refme 
identification ofland cover type which changed between 1989 and 1999, in particular whether the cover type 
change was to a similar vegetation type (such as dense forest to forest) or to a different one (e.g., change from 
woodland to degraded woodland). The change within similar cover types should logically correspond to little 
change in NDVI, whereas degradation within woody and herbaceous cover should correspond to a decline in 
NDVI. 
3.2. Data 
This study used two co-registered and georeferenced ( orthocorrected) Landsat TM (Thematic Mapper 5 and 7) 
images provided by the Australian Centre for Remote Sensing (ACRES). Images were registered to the 
MGA94 Map System. Thermal band (Band 6) was not used (Table 3). The data were from 20th September 
1989 and 8th September 1999. Dark pixel correction was applied to overcome possible differences in 
atmospheric conditions (Milton, 1994). Because data were from the same month and only image classification 
or vegetation indices results were compared, not the raw data, it was considered unnecessary to apply sun-
angle corrections. 
Table 3 Spectral bands and ground resolution of Landsat 5 and Landsat 7 Thematic Mapper. 
Band No. !Wavelength Spectral Resolution (m) Interval (!Jm) Response 
1 0.45- 0.52 Blue-Green 30 
2 0.52- 0.60 Green 30 
3 0.63- 0.69 Red 30 
14 0.76- 0.90 Near IR 30 
5 1.55- 1.75 Mid-IR 30 
6 10.40 - 12.50 iThermaiiR 120 
7 2.08- 2.35 Mid-IR 30 
A number of areas were masked out on the images: seas surrounding the island, West Timor territory and 
clouds. Since only 1999 image had cloud contamination, the cloud mask was applied to both images only 
when comparing data between 1989 and 1999. Because there was a difference in height of the tide between 
1989 and 1999, the high tide level was used to create a water mask. This meant that most of the mangroves 
(northern shores of the island) were excluded from the analysis. Approximately 50% of the East Timor 
territory was not covered by the images (Figure 2). 
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Figure 2. Satellite data coverage for 1989 and 1999 images. 
Satellite data for the following provinces were not available: Lautem, Viqueque and Baucau. Also, parts of 
Manatutu, Manufahi and Oecussi were unavailable. Administrative District boundaries were provided by the 
GIS Unit of the Ministry of Agriculture, East Timor Transitional Administration. 
3.3. Remote sensing methods 
3.3.1. Groundtruthing 
Data were ground checked during the dry season in 2000 and 2001 (same season as satellite imagery). Data on 
structural vegetation cover type, altitude, canopy height and projected foliage cover (FPC) were collected with 
a GPS unit. Approximately 50 sites were checked in the field (Figure 3 distribution ofGPS points). Due to 
difficult access (lack of roads) and inaccessible terrain, only sites within a few hundred meters of a road and 
below altitude of 1860m were checked. Province of Oecussi was also not checked. In addition, black and 
white aerial photographs (I :30000) from 1989 were used to verify ground cover. Surface features were 
analysed with the use of 1 Ox stereoscope. There were no rainfall data available for 1989 or 1999 
(http://climexp.knmi.n!Q. From the appearance oflakes in the images we deduced that the period prior to 
September 1989 was comparatively drier than before September 1999. 
9050000 
9000000 
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Figure 3. Distribution of GPS points 
3.3.2. Supervised classification 
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Cluster analysis (an iterative self-organizing unsupervised classifier -ISOCLUST) (Eastman, 1999) of the data 
and groundtruthing were initially used to determine the nature and scope of training areas for supervised 
classification. Because of slightly different moisture regimes between 1989 and 1999, 55 classes were used to 
map the 1989 data and 59 classes were applied to 1999 image. Training sites for supervised classification were 
selected based on GPS points and degree of separation between classes. Cluster images (with 40 clusters) 
were also used to assist in selecting homogenous training sites. 
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The images were classified in two stages. First, all discernible types of surfaces were described, and second, 
they were grouped into 'super classes' depending on their landscape characteristics. 
The following criteria (modified from Anderson eta!., 1976) were set for the scheme ofland cover mapping: 
1. The accuracy in mapping land cover categories should be 85% or better. 
2. Interpretation accuracy between categories should be approximately the same. 
3. The results should be repeatable between interpreters. 
4. The method should be applicable over large areas and using data from different times of the year. 
5. Aggregation ofland cover categories should be possible. 
6. Comparison with historical and future land use maps should be possible. 
Data were classified into land cover categories by supervised classification (quadratic likelihood) using 
MultiSpec and IDRISI image-processing software (Landgrebe and Biehl, 2000, Eastman, 1999). 
Because of rainfall differences between the data sets, a slightly different land cover classification was used for 
each image. Some surfaces such as grassland were in different condition in different images; and for the fmal 
comparison, surface areas of the same type were combined (see Table 4). 
3.3.3. Change Detection 
Cross-classification technique was later used to compare the classification results. Cross-classification can be 
described as a multiple overlay showing all combinations of the logical AND operation. Using this method 
allowed an analysis of changes in pixel classification between 1989 and 1999 and assessment of the maximum 
likelihood classification of pixels. The result is a new image that shows the locations of all combinations of 
the categories in the original images (Eastman, 1999). For example, some areas ofland cover class 1, dense 
forest, in 1989 becomes land cover class 2, forest in 1999, or land cover class 3, plantation in 1999, or class 4, 
forest/coffee in 1999 etc. Similarly, this process continues through land cover class 2, 1989, to land cover 
class 1 1999, class 2 to class 2 or those pixels that stayed the same, 2 to 3 etc until all combinations ofland 
cover class have been assessed. 
3.4. Vegetation index analysis 
Whilst a large number of vegetation indices have been used in the past (for example Anyamba and Eastman, 
1996; Carlson and Ripley, 1997), Normalised Difference Vegetation Index was selected because it has been 
most widely used, particularly for long tenn, large scale vegetation monitoring programmes (for example 
Vegetation Watch programme in Australia). 
3.4.1. Normalised Difference Vegetation Index 
Bands 3 (visible red) and 4 (near infrared) were used to compute a vegetation index (NDVI) for both sets of 
data as follows: 
NDVI = (Nearlnfrared- Red) 
(Nearlnfrared +Red) 
This vegetation index has a number of advantages, such as the ability to minimise topographic effects while 
producing a linear measurement scale. The scale ranges from -1 through 0 to + 1, where 0 represents value of 
no vegetation. Negative values also represent non-vegetated surfaces. 
Linear regression was used to normalize the 1989 image (Eastman, McKendry and Fulk, 1999). Negative 
values in NDVI were masked out as representing "non-vegetated" surface. Images of positive NDVI values 
were subtracted (1999- 1989 data). A threshold of two standard deviations from the mean of the difference 
image was used to create an image of major differences in NDVI between 1989 and 1999. 
3.5. Accuracy Assessment and Errors 
A confusion matrix (a measure ofmisclassification) was used to check classified images for omission and 
commission errors (Richards, 1993; Landgrebe and Biehl, 2000; Dicks and Lo, 1990; Congalton, 1991). A 
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combination of data from ground visits during 2000 and 2001 and aerial photographs from 1989 were used to 
verify classified images. The error in calculating surface area on co-registered images was estimated to be 5%. 
This included uncertainty of position due to data resolution, accuracy ofGPS unit, co-registration of images 
and misidentification of surfaces. 
The results of this study are based on all pixels in the image being classified. Expression of probable error is 
represented in data from 1989 and 1999 image where 1% of pixels were excluded from classification. These 
pixels are those, which do not fulfil the 95% confidence criteria. That is, less than 5% probability of pixels 
belonging to that class. Therefore, error is represented as a negative value only or possible reduction in the 
classification type. Error value ranges on classification of 55 land cover classes in 1989 ranged from 0.01% to 
4.14%. Error values on 58 land cover classes in 1999 ranged from 0.01% to 3.58%. Mean error values for 
each land cover category (that is, categories 1 to 9- Table 4) were used in the results (Table 5 & 6). 
3.6. Land Cover Categories 
Groundtruthing was undertaken on three occasions including: 16/17 December 2000, 2 August 2001 and 
13/15/16 September 2001. During these field visits as many representative sample sites were collected as 
possible. Data were collected and land cover classes were derived from projected foliage cover (FPC) or 
foliage cover per area of ground surface. Where possible, dominant species type were recorded to assist in 
classification. From here land cover (vegetation) classes were grouped into broad land cover categories as 
described in the table 4. 
Projected foliage cover is the cover of any vegetation strata and the proportion of the ground below it that is 
shaded if the sun is shining vertically overhead. Only four classes are used for this structural variable: >70%, 
30-70%, 10-30% and <1 0%. The classification method used in this study follows that used by AUSLIG 
(1990). Using these classification woodland can be defmed as ecosystems which contain less than 30% 
projected foliage cover (Hobbs and Yates, 1997). Forest categories are those above 30% FPC as listed in table 
4. 
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Table 4. Land cover categories used in this report. 
Land Cover Land Cover Class Nos.* Notes 
Categories 
1. Dense Forest 1. Dense forest Included all areas with a canopy density of 70% to 
2. Dense forest 100%. Dominant species for each training site were 
3. Dense forest not identified but included tropical forest species 
and palm species. 
2. Forest 4. Mixed palm forest Included all areas with canopy density of 30% to 
5. Casuarina sp over 70%. Training sites varied from predominantly 
shrubs palm species, Eucalyptus urophylla and Cauarina 
6. Acacia sp - mixed equisitfolia? Community with predominantly 
7. E. urophyllalmixed Acacia sp. had been subject to fire . 
8. Casuarina sp mixed 
3. Plantation 7. Teak plantation Included areas which were obvious plantation sites. 
18. Palm plantation 
4. Mixed 10. Casuarina sp over Included areas where dominant shade trees are 
Forest/Coffee coffee grown over coffee plants. Canopy density varied 
11 . Albizia sp. over coffee between 30% to 70%. Dominant species included, 
12. Albizia sp. over coffee Albiziafalcataria, and Casuarina equisitfolia. 
13. Albizia sp. over coffee 
14. Albizia sp. over coffee 
5. Woodland 19. E. platyphylla Included areas which could be described as tropical 
20. E. platyphylla savannah woodlands. Canopy density ranged from 
21. Mixed species 10% to 30% and in some instances at higher 
23. E. urophylla altitudes density for woodland species appears to 
25. E. platyphylla increase. Two species of dominant woodland trees 
27. E. urophyllalmixed occur in East Timor, Eucalyptus platyphylla and 
species Eucalyptus urophylla. In ilie case of site 21 E. 
28. E. urophylla urophylla occurred wiili Casuarina equisitifolia and 
29. E. urophylla some rainforest species. 
6. Woodland 15. E. platyphylla As for 5 except iliese woodlands were considered to 
(poor) 16. Acacia sp. be subject to significant perturbations which would 
17. E. platyphylla reduce quality and vegetative cover of plant 
22. E. platyphylla community. Includes areas subject to fire and/or 
24. E. platyphylla grazing and/or coppicing for firewood collection. 
26. E. platyphylla 
7. Heath/ 30. Nthn coastal plain heath Includes all areas which had a predominant shrub or 
shrub land 32. Sthn coastal plain heath heath cover. 
33 . Sthn coastal plain heath 
8. Agricultural Included sites 34 to 4 9, 51 Included a range of sites from rice paddy through to 
land and65 maize fields, grassland, villages and gardens and 
alike. Note: As this study is concerned primarily 
with naturally occurring land cover this category 
was not considered except for classification 
purpose. However, given the range of types in this 
class some confusion between sites would be 
expected eg villages where large amounts of trees 
are planted could be mistaken for woodlands 
9. Oilier 50, 52 to 64 and 66 to 69 Included sites iliat could not be classified into the 
above groupings including fire scar area, bare areas, 
river water and riverbeds. 
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4. RESULTS 
4.1. Overall trends in 1989 and 1999 
The single largest cover type in 1989 was woodland (nearly a third of the area). Of other non-agricultural cover 
types; forests and degraded woodlands were the second largest category (Figure 4 and Table 5). This was in 
contrast to 1999, when apart from agricultural land; degraded woodland covered the largest portion of the land, 
followed by woodland and forests (Figure 5 and Table 6). Full data sets are contained in appendices 1-3 
6% 
Forest- Agriculture 
1tation 26% 
3% 
10% Dense forest 
5% 9% 
Figure 4. Major land cover categories in 1989 derived from supervised classification. 
Table 5. Summary ofland cover mapping in 1989 including average error for each land category. 
Cover type Area (km2) Percent of area Error (km2) Error(%) 
Dense forest 410.5 5 41.4 0.5 
Forest 833.3 10 88.32 1.1 
Plantation 260.57 3 42.99 0.53 
Forest/coffee 467.19 6 26.43 0.32 
Woodland 2555.64 31 107.82 1.32 
Woodland (poor) 568.48 7 50.56 0.62 
Heath/shrub 213.45 3 21.15 0.26 
Woodland 
19% Heath/shrub 
Woodland (poor) \ r 5% ~ 22% 
Forest/ Coffee 
7% Agriculture 
24% 
Forest- Other 
plantation Dense forest 6% Forest 5% 9% 3% 
Figure 5. Major land cover categories in 1999 derived from supervised classification. 
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Table 6. Summary of land cover mapping in 1999 including average error for each land category. 
Cover type Area (km2) Percent of area Error (km2) Error_(%) 
Dense forest 265 .02 3 30.46 0.13 
Forest 758.78 9 45.10 0.56 
Plantation 421.43 5 31.15 0.39 
Forest/coffee 575.05 7 21.71 0.27 
Woodland 1497.56 19 107.69 1.32 
Woodland (poor) 1749.06 22 77.25 0.96 
Heath/shrub 401.69 5 16.96 0.20 
The results between 1989 and 1999, highlighted a decline in dense forest, forest and woodland areas. 
Woodlands particularly displayed the largest decline in area. Increases in human modified plantation areas and 
coffee areas were also apparent. However, the largest single increase occurred in the degraded woodlands 
category. 
In addition to shifts in total surface area, changes in distribution of vegetative cover were also mapped. The 
following examines both temporal changes at the district level and shifts in the vegetation coverage. 
4.2. Trends by District 1989 to 1999 
4.2.1. Dense Forests 
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Figure 6. Change in dense forest cover 1989 to 1999 as a percentage of the district area. 
01989 
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Decreases of dense forest cover were apparent in all districts except for Mana tutu and Manufahi where cover 
increased (Figure 6). Amount of decline, as recorded in table 7, in descending order is Covalima, Ermera, 
Ainaro, Bobonaro and Aileu. Note the already small area of dense forest in Dili and Oecussi in 1989. 
Table 7. Area cover of dense forest 89--- 99 and change (km2). 
Aileu Ainaro Oecussi Bobonaro Covalima 
Area kmz (89---99) 19.13 I 11.42 45.35 1 24.25 3.62 I o.13 36.49 1 17.03 63.53 1 12.18 
Area change (km2) 7.72 21.09 3.49 19.46 51.35 
+=increase 
Dili Ermer a Liquica Mana tutu Manufahi 
Area km2 (89---99) 1.21 I o.53 72.31 I 41.06 27.52 I 10.19 43.51 I 51.50 81.35 I 98.01 
Area change (kmz) 0.47 31.25 17.33 +7.99 +16.66 
+=increase 
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The temporal trends between the two years clearly highlighted declines in most districts. However, changes to 
what type of cover is an important consideration. Using cross classification method it was possible to detect 
shifts in vegetation patterns. Results showed that: 
• 13% of dense forest changed to forest, 
• 28% to woodland, 
• 6% to agriculture, 
• 19% to forest/coffee and 
• 8% to heath/shrub 
Therefore, the largest change in dense forest was conversion to the woodland category by 1999 followed by 
forest/coffee, forest and agriculture. 
Cross classification results also showed that: 
• 3% of forest in 1989 changed to dense forest in 1999, 
• 16% of forest coffee to dense forest and, 
• 3% of woodland changed to dense forest. 
• Note: Some confusion in the maximum likelihood classification was apparent in the forest/coffee category. 
The data above show the increases of vegetative cover in Mana tutu and Manufahi was from the forest and 
woodland category. However, all other districts where cover declined had a loss of cover primarily to the 
woodland category. 
4.2.2. Forests 
Compared to dense forest, the change in forest cover was more variable (Figure 7). Whilst a small overall 
decline was discernable it was not as large as with the dense forest category. Declines in forest cover were 
shown in Covalima, Ainaro, and Manufahi. Some districts showed an increase in forest cover including Liquica, 
Ermera and Oecussi (Table 8). 
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Figure 7. Change in forest cover 1989 to 1999 as a percentage of the district area. 
Table 8. Area cover of forest 89-99 and change (km2). 
Aileu Ainaro Oecussi Bobonaro 
Area km2 (89-99) 21.83 1 24.64 166.36 j107.83 32.57 1 46.64 136.79 1 153.74 
Area change (kmL) 
+2.82 58.53 +14.07 +16.95 
+=increase 
Dili Ermer a Liquica Mana tutu 
Area kmL (89-99) 13.40 1 12.29 47.61 1 60.14 39.37 I 59.11 61.18 I 59.90 
Area change (km2) 1.11 + 12.53 +19.75 1.28 
+=increase 
01989 
G1999 
Covalima 
152.59 1 115.55 
37.04 
Manufahi 
129.79 I 103.72 
26.07 
A number of changes were noted across the districts (of the study area) with an overall downward trend in cover 
as described previously. Within this category there were also patterns of change highlighted by use of the cross 
classification. Results showed the following pattern changes in forest cover from 1989: 
• 28% to woodland, 
21 
~ 
• 12% to degraded woodland, 
• 17% to agriculture, 
• 5% to forest/coffee and 
• 9% to heath/shrub. 
Therefore, by 1999 the largest change to forest cover was conversion to the woodland followed by agriculture 
and degraded woodland. Cross classification also showed that approximately 9% of woodland converted to 
forest. 
4.2.3. Woodlands 
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Figure 8. Change in woodland cover 1989 to 1999 as a percentage of the district area 
Decline in woodland cover between 1989 and 1989 was apparent in all districts (Figure 8). Figure 8 also 
highlighted that most districts in 1989, apart from Dili and Manatutu, had a similar percentage woodland cover, 
that is, within a 5% cover range. Dili and Manatutu, by comparison, had a reduced percentage cover by 1989. 
Significant losses of woodland in terms of area occurred in Bobonaro, Oecussi, Mana tutu, Ermera, Aileu and 
Liquica. The largest percentage losses occurred in Oecussi, Bobonaro, Liquica, Dili and Aileu (Table 9). 
Table 9. Area cover of woodland 89- 99 and change (km2) . 
Ainaro Oecussi Bobonaro Covalima 
339.75 1 289.o9 206.1 1 8.44 392.29 1 143.70 250.99 1 2o1.92 
+=increase 94.05 50.65 197.64 248.58 49.07 
Er mer a Liquica Mana tutu Manufahi 
219.81 I 120.84 156.8 I 67.82 294.31 1 168.12 408.13 1 387.23 
+=increase 30.72 98.97 88.96 126.19 20.90 
Results of cross classification show the following pattern changes in woodland coverage from 1989: 
• 24% to agriculture 
• 21% to degraded woodland; 
• 7% to forest/coffee 
• 6% to heath/shrub 
• 4% to other category. 
Results of cross classification of pattern changes from other classes to woodland in 1999 include: 
• 28% of dense forest (as above) ; 
• 28% of forest (as above); 
• 20% of agricultural category to woodland (note: some possible confusion in classification given wide range 
of cover types in this category). 
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4.3. Overall Temporal and Spatial Trends 1989 to 1999 
The above data show the changes, which occurred to the major natural ecosystems. Clearly, vegetation cover 
was declining and major shifts occurred from: 
• Dense forest to woodland and forest; 
• Forest to woodland, agricultural land and degraded woodland, 
• Woodland to agricultural land and degraded woodland. 
Thus, the overall trend was an increase in degraded woodlands to nearly one-quarter ofland surface area by 
1999. Moreover, declines in dense forest, forest and woodland areas were also established. 
Table 10. Area of change (km2) for 3 land cover categories; dense forest, forest and woodlands between 1989 -
1999. 
Aileu Ainaro Oecussi Bobonaro Covalima 
I Area change (km"') 98.95 130.27 187.06 251.09 137.46 
Ranking (7) (4) (2) (I) (3) 
Dili Ermer a Liquica Mana tutu Manufahi 
I Area change (km"') 32.57 117.69 86.54 119.48 30.31 
Ranking (9) (6) (8) (5) (10) 
The largest loss of land surface for the 3 naturally occurring vegetation categories were in the districts of 
Bobonaro, Oecussi and Covalima. Oecussi is an enclave in West Timor, whilst the other 2 are border districts . 
Ainaro, Mana tutu and Ermera also showed levels of decline above 100 square kilometres (Table 1 0). To 
standardize results, given different areas for different districts, percentage change was also assessed (Table 11). 
Table 11. Percentage change (of district area) for 3 land cover categories; dense forest, forest and, woodlands -
1989- 1999. 
Aileu Ainaro Oecussi Bobonaro Covalima 
I Percent change 15.20 11.86 24.72 20.10 18.74 
Ranking (6) (8) (I) (2) (3) 
Dili Ermer a Liquica Mana tutu Manufahi 
I Percent change 15.65 15.19 17.64 8.76 4.07 
Ranking (5) (7) (4) (9) (10) 
These results confirm that Oecussi, Bobonaro and Covalima were subject to greatest declines of all districts 
examined in the study area. Interestingly, Oecussi had a relatively small amount of vegetation cover in the forest 
and dense forest categories in 1989. Rankings for percentage loss in Liquica, Dili and Aileu was higher than 
rankings in area loss for the same districts. Worth noting is that Dili also had comparatively small areas of dense 
forest, forest and woodlands in 1989. 
4.4. Vegetation Index Analysis 
Normalised Difference Vegetation Index (NDVI) in 1999 image was on average higher for all cover types 
compared to 1989 except within forest/coffee areas. Agricultural areas had similar NDVI in both images. There 
were distinct groupings ofland cover classes with highest average NDVI. In 1989, the highest average NDVI 
was measured over areas of dense forest, then forest coffee, forest and woodland. In 1999, the highest average 
NDVI occurred in dense forest, forest coffee, forest, heath/shrub and woodland. 
Since all except one class (forest/coffee) had higher NDVI in 1999 compared to 1989, it is logical that the area of 
major negative change in NDVI (2 standard deviations from the mean) was much smaller (614km2) compared to 
the area of major positive change (1120km2). Therefore, NDVI analysis highlighted that in 1999 the study area 
was greener across most land cover types and that major change was towards increased canopy and /or 
herbaceous cover. 
There was a good correspondence between land categories identified by supervised classification and areas of 
major positive or negative change in NDVI. That is, negative change occurred over areas, which changed from 
denser cover to more sparse or non-vegetated area. The opposite was observed for areas of major positive 
change. For example, in 1989, the single largest class affected by decline in greenness between 1989 and 1999 
was woodland. This corresponds to areas mapped in 1999 image as degraded woodlands and agriculture. 
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5. DISCUSSION 
5.1. Comparison to Other Studies 
The results obtained in this study show that dense forest areas are declining- by 2% of total land area in the 
ten-year time frame. In terms of total land area the percentage figure is not so high. However, percentage loss 
of actual dense forest area in 1989 is approximately 33%. That is, a reduction of the dense forest area by one-
third. Applying the same formula2 to the work undertaken by Erikstad et al. (2001) highlights approximately a 
35% loss of dense forest area over the 27 year time period 1972 to 1999. However, this comparison is difficult 
to assess given the definitions used in this supervised classification may not be the same as the unsupervised 
classification used by Erikstad et al. (2001). 
The use of the unsupervised classification (cluster analysis) by Eriksatd et al. (200 1) provided only 
preliminary analysis. This method is a useful process for a study with limited resources. It also provides a 
good guide on determining similarity between certain land cover types . However, its application suffers from 
difficulties as the classification relies on no apriori knowledge of the study area and requires extensive field 
checking to assign labels to information clusters identified by the analysis. Typically, such classification is 
based on broad categories such as dense forest, sparse forest and no forest categories. Comparison with this 
study, which uses supervised classification post assessment of vegetated areas, suggests that some under-
estimation of total vegetated area has occurred in the study conducted by Erikstad et al. (2001). 
However, as stated in section 2, definitions of forest areas and deforestation can vary due to the fact that a 
certain threshold level may need to be met. These thresholds often being set by negotiation with national 
governments as in the case of the 10-year global estimates provided by FAO (Forest Resource Assessment, 
2000). Such comparisons between studies using different definitions and data sources are problematic 
(Matthews et al., 2000; UNEP, 1995). Within this study, the results presented by the data in the previous 
section are inclusive of all land surface cover assessment as utilised through remote sensing techniques. Thus 
it does not follow a reporting framework as put forward by the F AO (2000). For comparative purposes the 
FAO definition of forest area was applied to the results of this study. To complete this, all patches under 0.5ha 
were identified, summed and taken away from the total area for dense forest, forest, forest/coffee, woodland 
and woodland poor. An estimated 25% of these areas are in patches under the 0.5ha. This and comparison to 
other studies is shown in Table 12 
Table 12. Comparison of results from studies. 
Stud 
Erikstad et al. (200 1) 
FAO (2000) 
This study 
This study 
Hunt (2000) 
Total Forest Area 
34% ofland surface 
34.3% ofland surface 
60% of land surface for western 
half of East Timor 
45% of land surface for western 
half of East Timor 
73 .75% ofland surface 
Definition/Descrintor 
Dense forest and sparse forest 
Area of tree cover greater than 10% ground area 
and greater than 0.5ha 
All land surface as described in remote sensing 
methods - excluding plantation area 
Area of tree cover greater than 10% ground area 
and greater than 0.5ha- using FAO (2000 
Areas with tree canopy cover of greater than 
30% 
These figures show some variability, although, it also shows sufficient evidence from studies undertaken, to 
suggest that forest cover for East Timor is below 50% of land surface area. The reporting of forest resources 
has implications for forest management and the level of resources available for productive capacity. Further 
assessment of the biomass and yield of forest areas is required, however from the results obtained, it appears 
that many of East Timor' s forest resources, for the area examined in this study, had been depleted by 1999. 
However, this study is not concerned with the assessment of forest resources [per se] but the assessment of 
land cover change and the effects this has in an environmental and social sense. It is also involved with the 
usefulness of remote sensing techniques to assist this purpose. Therefore, the following will examine 
• Usefulness of the Landsat TM data for a study of this nature; 
• Extent and causes of change in vegetative cover; and, 
• Measuring social and environmental impacts of change in vegetative cover. 
2 Percentage Joss df = area [( dfy"- dfY'+1)/area dfy"] x I 00 
where y = year) and df = dense forest 
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5.2. Usefulness of Landsat TM Data 
Use of the method, maximum likelihood classification, based on groundtruthing proved to be useful in 
estimating the changes in area ofland cover classes between 1989 and 1999. However, changes into specific 
type of land cover are important considerations in estimating deforestation and anthropogenic impacts on 
natural vegetation cover. For this purpose, comparison of cross-classification results with maximum 
likelihood classification proved to be useful in assessing patterns of change over time. That is, the extent of 
changes in the three categories of dense forest, forest and woodland in 1989 into other land cover categories by 
1999. 
The use of projected foliage cover (FPC) within this study, allowed the identification of tree cover and changes 
in tree cover patterns with the view of determining where the major losses of cover were occurring. This 
provides the basis for some assumptions on human use of these areas and the environmental impacts of use 
activities. 
In the application of the remote sensing techniques some process issues occurred. The use of remotely sensed 
data in land cover assessments can often lead to misrepresentation (or over -simplification) of what is an 
infmitely complex system at the ground level (Mathews et al., 2000; Echavarria, 1997; UNEP, 1995). This is 
due to pixel size and the mixture of land cover classes which may occur within each pixel. Pixel sizes on the 
Landsat TM data are equivalent to 25m x 25m ground area. To quantify the problem, confusion matrices were 
generated to determine accuracy of pixel categorization. A threshold level of95% accuracy was determined 
on spectral signatures associated with each class. Images using 1% exclusion of pixels below this threshold 
were generated which provided a comparison with 0% excluded images for each land cover class. Some 
probability of misclassification or confusion was apparent as follows: 
• Forest/coffee land cover classes were difficult to separate from dense forest and forest and some confusion 
in the classification is likely. This may be due to the fact that many of the coffee growing areas contain 
the same dominant tree species Albizia falcataria which is a native of the eastern islands of the Indonesian 
Archipelago (Monk et al., 1997). Spectral signatures between these classes were similar, particularly in 
band 4. Also, there was more overlap in 1999 when vegetation was greener compared to 1989 (overall 
higher NDVI). However, bands 4 and 5 provided the best discrimination between vegetated areas. Dense 
forest category was spectrally the most ' tight' (range of reflectance values in band 4 and band 5 was the 
smallest of all "forest" categories, (ie. smallest standard deviation), whereas forest coffee had higher 
standard deviation, especially in band 4. 
• The wide diversity of cover classes within the agricultural category had also led to some confusion in 
classification. The "agriculture" category includes everything from grasslands, wet and dry rice areas, 
village garden areas, maize and banana plantation. Some similarities between spectral signatures were 
recognized between village areas and woodland areas. 
Despite these process issues, there is an 85% confidence level in the results of maximum likelihood 
classification. The groundtruth exercise provided a clear grouping of major vegetation types within the study 
area. The results from this exercise clearly point to trends of change in the land cover of East Timor. From 
this point of view, using Landsat TM data to detect vegetation change proved a relatively inexpensive method. 
With further clarification of some of these process issues and additional ground checking, the method could be 
re-applied with greater accuracy. Accuracy of classification could also be improved by stratifying the raw data 
by slope and elevation above mean sea level, using digital elevation model (DEM). Other "static" GIS layers 
such as known agricultural areas, soil types and geomorphology would also aid in achieving greater accuracy 
in mapping vegetation type and condition. 
Change detection using NDVI 
While "greenness" of the study area in 1999 image was higher compared to 1989, this did not result from 
increase in forest area but most probably due to higher rainfall prior to September 1999. This clearly points to 
problems when NDVI alone is used for long term monitoring or assessment of forest or woodland cover. 
NDVI images were useful in studying changes in condition within same vegetation cover type, however could 
not be used as any indicator of major shifts in vegetation type. Analysis ofNDVI data in conjunction with the 
results of supervised classification also provided a useful check on trends already noted in vegetation 
fragmentation. However, NDVI is not considered a reliable indicator of foliage cover. NDVI over 
agricultural areas was the same in 1989 and 1999, confirming that both images were captured during the same 
growing season. Highest NDVI values were measured over dense forest and forest/coffee, which again points 
to similarities in canopy density, understorey cover and plant species. Other studies (for example Lu et al., 
2001) also found NDVI for closed and open eucalyptus forest to be higher than for woodland or shrubland. 
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5.3. Extent of Change in Vegetative Cover 
The results of this study clearly indicate the following trends from 1989 to 1999: 
Dense Forest 
A net loss of FPC, mostly to forest and woodland cover; 
• Deforestation to agricultural land use and heath/shrub land cover; 
Forest 
• A net loss of forest FPC, mostly to woodland; 
Deforestation to agricultural land use and heath/shrub land cover; 
Woodland 
A net loss of FPC to degraded woodland; 
• Deforestation to agricultural land and heath/shrub cover. 
It is apparent in these trends that forest areas are being thinned through logging and harvesting, and conversion 
to agricultural land use. Secondary to this is the conversion of forest areas to degraded woodlands and 
heath/shrub areas. This phenomenon of temporal transition has been identified by Mathews eta!. (2000) in a 
study of 'forest/cropland transition zones' . These zones comprise of mixed forest and cropland in between 
grasslands and agricultural land use areas and closed canopy forests. Mathews eta!. (2000) claim that 
thinning of canopy cover, progressive loss of biomass and other forms of forest degradation go largely 
unreported in national forest inventories because of the broad definition applied to forest cover. The results of 
this study are in agreement with the findings of Mathews eta!. (2000) that transition of forested areas to 
alternative land uses occurs over time. 
Figure 9 shows the location of dense forest coverage between 1989 and 1999 (Oecussi excluded). Particularly 
noticeable is the loss of dense forest near the border of West Timor in Covalima (marked by red patches). 
This is most probably as a result of logging practices. Losses in parts ofErmera and Ainaro are also evident. 
Green areas represent dense forest areas in 1989 and 1999 and these areas can be clearly seen. Areas marked 
in blue represent changes to dense forest in 1999 and this is due to the thickening or increase in FPC of 
woodland and forest areas. 
DOlO 
- 110 
- 012 
- 112 
OIO=background, no data; 110=red patches indicate dense forest in 89 but not in 99; Ol2=green patches indicate dense forest 
in 89 and 99; 1l2=blue patches indicate dense forest in 99 but not in 89. 
Figure 9. Cross classification in dense forest cover 1989- 1999 
Increases in the structural densities of vegetation are known to occur in tropical woodlands and forests which 
are left undisturbed for a period of time (Fensham and Faifax, in prep.). The southern mountain regions in 
Manufahi and Manatutu still maintain the largest area of dense forests for the study area. General distribution 
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of the dense forest areas is likely to occur in the more mountainous regions of East Timor. However, lack of a 
digital terrain model limits interrogation of any relationship between altitude/slope and forest density. 
As reported in the results, approximately 6% of dense forest area was converted to another type ofland use 
within the l 0 year study period. That is, agricultural land use. Approximately 68% of dense forest area 
changed to another form of vegetative cover with less FPC. 
c=:J010 
- 110 
- 012 
- 112 
OIO=background no data; 1IO=red patches indicate forest in 89 but not in 99; 012=green patches indicate forest in 89 and 99; 
112= forest in 99 but not in 89. 
Figure 10. Cross classification in forest cover 1989- 1999 
In the forest category (Figure I 0) coverage is located around the southern coastal margin, the southern central 
highland area and an area around the border regions of Bobonaro and Liquica. Also worth noting are some 
smaller patches along the northern coastal areas. Loss of forest area (red patches) can be seen in the southern 
area of Covalima. Increases in forest from 1989 to 1999 can be seen on the southern coastal margin (blue 
patches). 
As reported in the results, approximately 17% of forest areas converted to another type of land use, namely 
agriculture. A further 54% changed to another form of vegetative cover with less FPC. 
Woodland areas (Figure ll) are a much more dominant landscape form than forests or dense forests . However, 
it is likely that this was not always the case. At one stage forest areas (30% to 100% FPC) were more 
dominant than has been recorded in this study. It is highly unlikely that the trend identified in this study of 
decreasing FPC and land use conversion is a phenomenon restricted to the time period of this study. The 
increasing areas of woodland can be seen on the southern highlands from west to east in the study area. 
Increasing areas can also be identified around Liquica and the mountains behind Dili. Many of these areas 
were identified as previously being dense forest and forest. Significant loss of woodlands can be seen through 
Bobonaro and in the northern parts of the study area. 
As reported in the results, approximately 24% of woodland areas converted to another type of land use, 
namely agriculture. A further 33% changed to another form of vegetative cover with less FPC and 4% went to 
the other category, possibly bare ground. 
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DOlO 
- 110 
- 012 
- 112 
OIO=background no data; 1IO=red patches indicate woodland in 89; 012=green patches indicate woodland in 89 and 99; 
1l2=blue patches indicate woodland in 99 but not in 89 
Figure 11. Cross classification in woodland cover 1989- 1999. 
'-'\· 
· ' 
~; .. :·.·: .... · . ·.~·- .. :: . . - ~· ._.:·:· ~~-.. :-;:: ~ ·- :~ .... ':. ~~~~-: 
Figure 12. Cross classification in dense forest, forest and woodland cover in Oecussi between 1989 and 1999. 
As stated previously, Oecussi is an enclave in the territory of West Timor. The dynamic change to landscape 
cover can be seen in this series of images (Figure 12). Most noticeable is the limited presence of forest cover 
in 1989 and the large loss of woodland in 1999 (marked by red patches). 
The above summarised how each of the vegetation types is changing over time. It clearly shows the path of 
land cover change to alternative land use, predominantly agriculture. The following section will examine 
some of the causes of change in more detail. 
5.4. Causes of Vegetation Change 
Within East Timor there is an amount of anecdotal and visual evidence that suggests that forest change and 
loss has been caused by a range of factors including: 
• Logging practices undertaken by the Indonesian officials and military; 
• Logging undertaken by local people; 
• Occurrence of fire; 
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• Livestock grazing; 
The possible use of defoliants and fire by Indonesian forces during the resistance struggle; 
Conversion of forested land for agriculture. 
It is also known that whilst East Timor was a province oflndonesia, Government Agencies undertook 
greening and reforestation programme. These were often a collaborative effort between the Forestry Agency 
and Environmental Protection Bureau. However, it is obvious from the results of this study that net losses in 
vegetation cover have outweighed the positive benefits of these programmes. 
The causes of change in vegetation patterns, in developing countries, as a result of human intervention have 
been well recorded in the literature. For example, the following breaks down these causes into underlying and 
direct causes. 
Underlying Causes 
1. Population change -
1. growth 
2. density 
3. migration 
2. Economic growth-
• nsmg mcome 
• dietary change, 
• housing preference 
3. Poverty 
Direct Causes 
1. Agricultural clearing of forests 
• subsistence agriculture 
• commercial farming 
• livestock 
• logging 
2. Fuelwood and charcoal production 
(source: Gardner-Outlaw and Engelman, 1999) 
5.4.1. Swidden Agriculture 
4. Market failures 
• inadequate property rights 
• inappropriate valuation of forest 
• goods and services 
5. Policy failures 
• price and taxation policies (e.g., subsidies, tariffs 
and trade restrictions) 
• population resettlement programmes 
• corruption 
3. Infrastructure and industrial development 
• roads 
• dams 
• mining 
• housing 
The impacts of land clearing on natural resources have been well documented and it is estimated that of the 
11 .6 million hectares of forest cleared annually, approximately 80% is for agricultural land use (UNEP, 1995). 
The majority of this is caused as a direct compensation for degradation of existing land and hence, the need to 
convert new areas for agricultural land use (Pimentel, 1993). 
The majority of upland communities in East Timor rely on some level of semi-subsistence farming and 
rotational cropping. While some lowland rice production occurs this is certainly the minority of the rural 
community. Shifting cultivation in South-East Asia is based on farm systems that use the concept of 'fallow'. 
These systems of subsistence farming occur in upland regions and rely on maintenance of environmental 
quality to sustain family and community livelihoods. With the increase in concern for food security, policy 
makers and aid agencies have sought the conversion of fallow systems to more permanent, productive and 
profitable land uses (Burgers et al., 2000). Generally, with the aid of modem chemicals and equipment. 
Whether these concerns or approaches are valid is not the context of this discussion. Moreover, this discussion 
is concerned with intensification of swidden systems. 
What is important to understand is, that in the event of increasing competition for existing resources, the 
availability of opportunities for individuals to substitute their livelihoods, from activities outside the swidden 
system, will be a determining factor in the level of impact on the environment. For example, if subsistence 
farming is the only option for the farmer then, in the event of increasing land use pressure, say from population 
increases, the land will be required to provide increasing returns or yields to maintain the existing subsistence 
levels (Burgers eta!., 2000). What occurs as a result is the soil restoring functions of a fallow need to be 
obtained in less time and limits to this potential exist. In time, a decrease in food security will occur due to 
reducing fallow cycles and associated crop productivity, increasing the need to find alternatives to supplement 
household food production. Often, farmers will be faced with decisions of opening up new areas, to maintain 
their livelihood, thereby, increasing vegetation loss. Essentially, what occurs is an intensification of the 
swidden system. Burgers et al. (2000), highlight this issue in Nusa Tenggara in association with intensified 
livestock/food production systems. 
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In East Timor, the data clearly suggest an intensification of land use by the decline in forest and woodland 
cover. This problem is particularly evident in Bobonaro (supported by the high incidence of fire also, see 
below), and Oecussi which showed the most significant levels of vegetation loss. Note also from the section 
above that it is the woodland areas that are subject to the greatest rate of conversion. 
5.4.2. Fire 
One particular issue of concern that was raised by some people in East Timor was the incidence of fire (author, 
personal experience). Anecdotal evidence suggested that increase in the use of fire was cause for concern. Fire 
scars were mapped using results of the supervised classification (Figure 13). In 1989, approximately 349 
square kilometres were mapped as fire scar. This figure had marginally decreased by 1999 to 327 square 
kilometres and it suggests that fire occurrence has not changed by any significant level in the ten-year time 
frame (see Appendices 2 and 3). Bobonaro had the highest area offrre scar for the two years with 74 and 78 
square kilometres respectively for 1989 and 1999. 
Cross classification technique highlighted areas burnt between years (Table 13). This provides information on 
which cover types are subject to fire and the area affected. From the data available, it is apparent that areas 
mapped as fire scar in 1989 were converting to degraded woodlands in 1999. Ideally, annual data would 
provide a more useful understanding of the land cover changes as a result of fire . However, it appears that frre 
is used primarily in the woodland and agricultural land. Whether agricultural land in 1999 was some other 
form of land cover in 1989 is not discernable given that fire scar has its own unique spectral signature. 
Regardless of this, the data support the fact that frre is one tool used to convert land cover and this is having a 
direct impact on woodland and forest areas. 
Figure 13. Fire scar 1989 (LHS) and 1999 (RHS) for the study area (Oecussi not included). 
Table 13. Areas burnt in 1989 and classification in 1999 
Legend Area km2 
Fire scar 1989- dense forest 1999 1.37 
Fire scar 1989- forest 1999 17.78 
Fire scar 1989- plantation 1999 0.45 
Fire scar 1989- forest/coffee 1999 6.15 
Fire scar 1989- woodland 1999 42.26 
Fire scar 1989- woodland (poor) 1999 127.39 
Fire scar 1989- heath/shrub 1999 7.30 
Fire scar 1989- agriculture 1999 99.93 
Fire scar 1989 - other 1999 13.37 
Fire scar 1989 - fire scar 1999 38.15 
The most western part of Bobonaro District had a very distinct and typical pattern of fire scars between the 
two time periods (Figure 14). The green areas are those which have been burnt in both time frames. Whether 
this is impacting on forest or woodland areas is unknown and would require further data interrogation. 
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The usefulness of data interrogation is shown in the above example and the impact of fire on natural forest 
areas could well be further analysed with the use of GIS data sets developed during this study . 
• . ·: ;-:L\. Dolo 
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OIO=background no data; 1IO=blue patches indicate fire scar in 1989; 011 =red patches indicate fire scar in 1999; 111 =green 
patches indicate fire scar in 1989 and 1999 
Figure 14. Cross classification of fire scars Bobonaro District (part) 1989- 1999. 
Causes of Fires 
The relationship between indigenous people and the use of fire is a subject of considerable interest. It is true 
that many plant species are adapted to fire as a result of historical patterns of land use by indigenous people. 
However, it is now widely known that fire interval is a key issue in ecological integrity of plant communities. 
The shorter the fire interval, the more severe is the impact on plant species, reducing ecological resilience of 
the plant community. For example, the use of fire, on an annual basis, in the Eucalyptus platyphylla 
woodlands is known to be having a deleterious effect on recruitment of seedlings and diversity of plant 
spec1es. 
Since the occurrence of severe forest fires in Indonesia in 1997-98 more attention is being paid to fire 
incidence in tropical forests . The major causes offrres in Indonesia has been simply put as "too many people 
lighting too many fires for a complex variety of reasons" (Rowell and Moore, date unknown). Certainly 
experience in East Timor suggests that lighting of fires is a common practice in local communities. Within 
East Timor frre was reported (anecdotal evidence) to be used for: 
• Promoting growth of annual species in woodland areas; 
• Drying out fuelwood prior to cutting; 
• Clearing land and improving soil fertility in swidden agriculture; 
• Burning field stubble to improve soil fertility; and, 
• Traditional hunting practices in forest areas. 
There were also unconfirmed reports that fire was used by the Indonesian army during the resistance struggle. 
Whether this or the other causes of fire listed above, or to what proportion these activities are responsible is 
unknown. 
It has been reported that the vast majority of fires in Indonesia are caused by humans for numerous reasons; 
arson, accidental fires caused by cigarettes or camp-frres, legal and illegal forest conversion by small-scale or 
large-scale users, shifting cultivation, transmigration, land use conflicts, illegal logging, hunting with fire, or 
land speculation (Rowell and Moore, date unknown). 
The cause and effect relationship for frre events within East Timor is beyond the scope of this study. As 
stated, further data interrogation and research is required to gain a clearer picture. Suffice to say that the 
supervised classification of the Landsat TM data allowed for characterization of fire scar and quantitative 
analysis tools of their pattern and distribution. This method can be used to monitor frequency and intensity of 
fire (e.g. In the tropical savannah areas of northern Australia; CRC for Tropical Savannas). 
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5.5. Measuring Utility and Change in Vegetation Cover 
5.5.1. Sustaining Livelihoods 
In the poorest developing countries, 65-80% of the population live in rural areas (Shepard et al., 1999). Rural 
inhabitants depend on natural resources in complex ways as a pattern of sustainable livelihoods. Forests play a 
key role in livelihood support to communities in poor countries such as East Timor. Byron and Arnold (1997) 
sum up the relationship of dependency on forests for different livelihood groups: 
1. Forest dwellers who rely on forests almost totally for their livelihood including; food, fuelwood, 
medicines, housing materials, soil fertility, religious and cultural values. In this group are the hunter-
gatherers, those practicing swidden agriculture and herders raising forest fed livestock. Livelihood 
practices may often involve a mix of these forest uses. 
2. Farmers and families that draw on forests to some extent for key inputs such as; fuelwood, housing 
materials, medicines and fodder. There may be less reliance on forests for foods and soil fertility. 
3. Livelihoods based on commercial forest products - this includes reliance on timber products for cash 
income whether under government licence or corrupt and illegal practices. Reliance on forest areas also 
for fuelwood, and to a lesser extent forest foods, housing materials and medicines. 
4. Urban dwellers that may be poor and have a high reliance on forests for fuel wood and cash incomes if 
possible. 
All these groups are known to exist in East Timor. From personal experience there is a high reliance placed on 
forest resources by local communities. For example, around Dili there is a clear recognition that local 
communities rely on the collection offuelwood for sale in local markets. This need is caused by a high level 
of unemployment. In one village, the village leader stated that in his community unemployment amongst the 
male population was as high as 80% and there was no choice but to rely on the sale offuelwood to sustain 
families. The community also understood the degradation which this caused. 
5.5.2. Ecosystem Services 
Apart from their utilitarian value to human populations, forests provide other ecosystem services that perform 
fundamental life-support services without which human society would cease to thrive. These services are 
varied and include, for example; 
• climate stabilization • erosion control 
• buffer from ultraviolet radiation • soil, water, and air purification 
• cycling of essential nutrients • oxygen production 
• stormwater management • genetic resources 
• flood control • aesthetic beauty 
• groundwater recharge • recreation 
• soil fertility • sacred places and processes 
• pollination • habitat and biodiversity 
• natural pest control • carbon sink 
Source: (Anon- Ecosystem services and what are they worth?) 
The social and environmental value of forest cover can be seen from the above discussion and these values 
underpin the economic values of society. This is particularly relevant for poor developing countries such as 
East Timor. The impacts of declining natural resources will be further examined in the following sections. 
5.5.3. Scarcity 
In 1996, the UN Intergovernmental Panel on Forests (IPF) proposed the concept of low forest cover to draw 
attention to the economic, environmental, and social consequences of forest resource pressures in "at-risk" 
countries (Gardner-Outlaw and Engelman, 1999). While this concept was developed to allow comparative 
assessment of countries "at risk" it does provide some usefulness within this report to identify the level of 
scarcity of forest cover. The concept is displayed as an assessment of forest area per head of population. To 
make the indicator useful, population data3 for each district were used against the area coverage of dense 
forest, forest, woodland and degraded woodland (Table 14, Table 15 included as a comparison as not all 
districts were covered by the data). The thresholds for scarcity are set at O.lha/head of population however, 
there does not appear to be any scientific validation to this benchmark (Gardner-Outlaw and Engelman, 1999). 
It occurs as a lower limit to identify scarcity of forest resources and forest cover. 
3 From Indonesian census figures Biro Pusat Statistic, Timor Timur- Central Bureau of Statistics, East Timor- (1996 and 1997). 
Disruption to population levels has occurred as a result of the 1999 referendum and resultant conflict. 
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Table 14. Area of vegetation cover per capita by district- 1999 
District Population Dense Forest Forest Woodland (ha) Woodland (poor) Total 
Area (ha) hal capita Area (ha) hal capita Area (ha) hal capita Area (ha) hal capita 
Aileu 27,780 1,142 0.04 2,464 0.09 9,362 0.34 19,528 0.70 1.17 
Ainaro 50,077 2,425 0.05 10,783 0.22 28,909 0.58 9,348 0.19 1.03 
Oecussi* 55,462 13 0.00 4,664 0.08 844 0.02 21,139 0.38 0.48 
Bobonaro 89,480 1,703 0.02 15,374 0.17 14,370 0.16 42,972 0.48 0.83 
Covalima 61,342 1,218 0.02 11,555 0.19 20,192 0.33 6,098 0.10 0.64 
Dili* 155,125 53 0.00 1,229 0.01 901 0.01 6,147 0.04 0.05 
Ermera 88,570 4,106 0.05 6,014 0.07 12,084 0.14 11 ,717 0.13 0.38 
Liquica 52,560 1,019 0.02 5,911 0.11 6,782 0.13 9,138 0.17 0.43 
Mana tutu# - - - - - - - - - -
Manufahi* 43 ,868 9,801 0.22 10,372 0.24 38,723 0.88 11,427 0.26 1.60 
TOTAL 624,264 21,480 0.03 68,366 0.11 132,167 0.21 137,514 0.22 0.58 
* -not all of these districts covered in study area #Manatutu not included due to only small area coverage in study area 
Table 15 Area of vegetation cover per capita by district- 1999- excluding districts without full coverage in study area 
District Population Dense Forest Forest Woodland (ha) Woodland (poor) Total 
Area (ha) hal capita Area (ha) hal capita Area (ha) hal capita Area (ha) hal capita 
Aileu 27,780 1,142 0.04 2,464 0.09 9,362 0.34 19,528 0.70 1.17 
Ainaro 50,077 2,425 0.05 10,783 0.22 28,909 0.58 9,348 0.19 1.03 
Oecussi* - - - - - - - - - -
Bobonaro 89,480 1,703 0.02 15,374 0.17 14,370 0.16 42,972 0.48 0.83 
Covalima 61,342 1,218 0.02 11,555 0.19 20,192 0.33 6,098 0.10 0.64 
Dili* - - - - - - - - - -
Ermera 88,570 4,106 0.05 6,014 0.07 12,084 0.14 11,717 0.13 0.38 
Liquica 52,560 1,019 0.02 5,911 0.11 6,782 0.13 9,138 0.17 0.43 
Mana tutu* - - - - - - - - - -
Manufahi* - - - - - - - - - -
TOTAL 369,809 11,613 0.03 52,101 0.14 91,699 0.25 98,801 0.27 0.69 
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Results4 for the study area show forest cover is measured at 0.58ha per person. This is well above the 
0.1ha/per person quoted in the literature. However, the figures on a district by district basis varied 
dramatically from 0.05ha/per person in Dili District up to 1.6ha/per person for Manufahi. Therefore, based on 
this indicator, Dili would appear to be suffering from scarcity of forest resources. Dense forest areas 
indicators are all well below the 0.1ha/per person threshold for all districts . Forest areas are slightly better 
with Ainaro, Covalima, Bobonaro, Manufahi and Liquica above the threshold level- by a small margin. 
Other districts are below the threshold. 
The dense forest and forest categories include forest cover between 30% and 100% FPC and these areas 
provide most of the ecosystem services and livelihoods role for the population of East Timor. Lower levels of 
cover per head of population suggest that the livelihoods of a significant portion of the rural poor is being 
affected, has been affected and will continue to be seriously affected with current levels of forest loss. 
Furthermore, reduction in forest cover will also reduce the ecosystem services provided. This will be 
manifested in an increased incidence (above existing levels!) of erosion and surface water turbidity, loss of soil 
cover, loss of biological diversity and other factors. These problems have already been highlighted as 
significant issues in East Timor by Sundland et al. (2001). 
Woodland Areas 
It has been estimated that forests supply only about one third of woodfuels (Matthews et al., 2000; F AO, 
2000). The balance is obtained from other sources, including woodlands, roadsides, backyards and community 
woodlots. This is apparent in East Timor where the majority offuelwood comes from the tropical savannah 
woodlands. Fuelwood makes up 80% of primary energy input in some Asian countries (Matthews et al. , 
2000). East Timor's reliance on fuelwood as a primary energy source is also very high. This is supported by 
the data in this study which identifies a significant trend in reduction of woodland area and conversion to 
degraded woodland (Figure 15). 
Two types of woodland category have been defmed within this report, degraded woodlands and woodlands. In 
East Timor there are two species of Eucalypt that make up the predominant woodland. These are Eucalyptus 
platyphylla (formerly E. alba) and Eucalyptus urophylla. E. urophylla commonly occurs at altitudes above 
1 OOOm asl. While Eucalyptus platyphylla occurs above this altitude it often mixes with E. urophylla to 
develop mixed woodlands. This is generally between 1000 and 1300 m asl. E. platyphylla is the dominant 
woodland species below 1 OOOm asl and has a variety of uses for local communities. 
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Figure 15. Changes in area of woodland communities, 1989-1999. 
1400.00 
Degraded woodlands found in the groundtruth exercise were all E. platyphylla that were used on a regular 
basis by local communities for fuel wood supplies and in some instances grazing. Understorey consisted 
mostly of grass species that were often burnt annually to reduce fuel load and provide green feed for grazing. 
These woodlands, whilst playing a key role in sustaining livelihoods, were considered degraded based on 
4 These results do not include the forest/coffee areas, however they do include all patches under 0.5ha. 
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ecological factors such as species abundance, absence/presence by comparison to woodlands that were not so 
heavily utilized. In some locations around Aileu district the E. platyphylla community is subject to extreme 
physiological stress and can be seen in stunted growth, dieback and in some instances death. 
In examining the index of scarcity for woodland area per capita the ratio of 'better quality' woodlands to those 
already being utilized is about 1:1 (Tables 14 and 15). The impact of continued cutting of a woodland area 
will see diminishing yield through reduced regrowth. This associated with annual fire in woodlands, reduces 
recruitment of new seedlings and eventually the woodland area will thin out into heath/shrub or just grassland. 
These practices can be seen in some areas of East Timor. In this instance, scarcity of woodland resources will 
increase. The need to travel further to collect fuel wood will become a burden which is generally borne by the 
women and children of the community. 
Noticeably, woodland areas for Dili district are below the threshold value of 0.1ha/person. The likelihood of a 
shortage of woodfuel supplies occurring near urban centres and in Dili particularly was highlighted by 
Sundland eta!. (2001). Matthews eta!. (2000) also point to this fact in developing countries generally, leading 
to deforestation and associated environmental impacts (Table 14 provides results for other districts) . 
5.5.4. Biodiversity and Forest Fragmentation 
Tropical forests are known to be areas of high biological diversity. It is thought these forests contain as much 
as 50% of the species present on earth (UNEP, 1995). Tropical forests also contain the majority of the world's 
major habitat types (Matthews eta!. , 2000). In East Timor, as with other countries, the centres of diversity5 
are typically the most productive or structurally diverse areas. Therefore, the focus of this section is on the 
dense forest and forest areas as the woodland areas are generally not as structurally diverse. The study of 
biological diversity can often be a complex and multi-faceted area. This section merely looks at the 
application of the remote sensing data as an indicator of habitat integrity through changes in fragmentation and 
patchiness of remnant forest areas . 
Deforestation has three major effects, including: 
• Loss ofhabitat; 
• Habitat fragmentation; and, 
• Edge effects at the boundary between forest and deforested areas. 
This study determined that deforestation in East Timor is only an acute problem where direct conversion to an 
alternative land use has occurred. In the majority, the rate of change is a perverse progression from dense 
forest to forest to woodland and degraded woodland. The impacts of logging also have direct and indirect 
impacts on biodiversity and have been well documented in the literature (cf., Putz eta!., 2000; UNEP, 1995; 
Matthews eta!., 2000). 
Whilst there is much attention paid to forest fragmentation in the literature, there appears to be little agreement 
on a standard measure. However, two measures put forward include number of patches and mean patch size 
(University of Conneticut - http://resac.uconn.edu/research/forest frag/) . These are readily applicable for 
remote sensing data. The following will examine Dili, Covalima, Bobonaro and Manufahi districts as these 
represent the most depleted district (Dili), the most degraded within the ten-year study period (Covalima and 
Bobonaro) and least depleted district (Manufahi) . 
These four districts all showed increases in the total number of patches recorded between 1989 and 1999 
(Figure 16). A random threshold of 50ha was chosen based on the trends in the data which is shown in the 
above figures. The number of patches below 50 hectares in size are increasing and those above 50 hectares in 
size are decreasing over time. Whilst there is no significance to the 50 hectare threshold, it does highlight an 
increasing trend in forest fragmentation to smaller patches. This is supported in Figure 17 showing the trend 
in declining mean patch size between 1989 and 1999. Covalirna and Dili in particular have a significant 
reduction in average size for forest patches. 
5 Centre of diversity is described as an area with a high species number and diversity (UNEP, 1995) 
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Figure 17. Mean patch size for forest patches (30%-100% FPC), 1989-1999 extracted from classified images. 
These figures also highlight the high demand on forest resources in Covalima especially. 
Fragmentation of forest areas induces certain problems: 
• Edge effects- Patch size and patch shape influences forest edge to interior ratio. Depending on the shape 
of the remaining patch the impact of adjacent activities may extend for a kilometre into remnant patch 
(UNEP, 1995). 
• Isolation- Habitat isolation may reduce immigration of fauna, influencing the species richness of tropical 
forest fragments (Turner et al., 1996). 
• Patch size - smaller patches of remnant forest area known to be less species rich and diverse with many 
avian, primate and mammal fauna having insufficient range within smaller patches (UNEP, 1995). 
• Increased vulnerability or susceptibility to damage by fire, insects or other factors . 
It must be noted that forest fragmentation is not a surrogate measure of biodiversity. The biological diversity 
of forest areas within East Timor would need to be recorded through further field studies to identify species 
presence, abundance and richness. However, it can be stated that biological diversity declines with increasing 
forest fragmentation and decreasing size of forest patches. 
In 2000, the United Nations Transitional Administration in East Timor, regulated the protection of 15 natural 
areas in East Timor in an attempt to provide some protection to areas with identified conservation values 
(Sundland et al., 2001). Whether these areas coincide with the majority of remaining forest areas is unknown. 
However, use of remote sensing data in association with the spatial boundaries of these protected areas could 
provide some insight into the suitability of these protected areas. 
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6. CONCLUSIONS 
Remote sensing of vegetation 
The characteristics of ecosystems are largely driven by vegetation. Of the three main "dimensions" of 
vegetation: structure, dynamics and taxonomy, the first two are readily monitored using remote sensing 
(Graetz, 1989). Vegetation composition (taxonomy) has (and possibly will be for a while yet) difficult to 
determine without extensive field studies. 
Vegetation structure models have been mostly based on a two-dimensional framework of projected foliage 
cover (FPC), adopted in this study. Its main advantage is that it covers both, cover (abundance) and structure 
(vertical distribution of biomass) (Graetz, 1989). The additional advantage of FPC framework is, that it uses 
the same, vertical perspective as remote sensing instruments do. 
Vegetation indices 
Satellite remote sensing images of vegetation have been one of the most widely used techniques in landscape 
ecology, assessment of fire potential, agriculture and rangeland management, amongst others. Spectral 
vegetation indices, have been widely used in mapping forests and ecosystems (McDonald et al., 1998; Nemani 
et. al., 1993 ), monitoring crops and predicting yields (Smith, et al., 1995) detecting plant condition, and many 
more characteristics (Lillesand and Kiefer, 2000). 
Vegetation indices have been developed for two main reasons. Firstly, they have been used to reduce volume 
of data from the original satellite image and secondly to provide a quantitative estimation of the properties of 
vegetation cover. By compiling a time series of vegetation indices for a particular area we can monitor the 
progress of growth in crops or a recovery rate of natural vegetation following major impacts such as fire or 
insect infestation. All vegetation indices work on the principle that green living vegetation strongly reflects 
electromagnetic radiation in the near infrared and absorbs it in the visible red. Since this spectral signature is 
unique to vegetation, it has been used as an analytical tool for a long time. These empirical formulae, known as 
vegetation indices enhance the spectral contrast between green, live vegetation and other surfaces. The most 
widely used index, NDVI was developed for the early Earth mapping satellite missions (Rouse et al., 1974) 
and has been used since in a number of one-off and operational vegetation monitoring programme. It has, for 
example been adopted for fortnightly monitoring of vegetation condition and bushfrre risk in Australia 
(Vegetation Watch, http://www.dola.wa.gov.au/home.nsf). NDVI has also been used to estimate the net above 
ground primary productivity (Goward, 1987) and to map vegetation types of whole continents (for example, 
Tucker et al. , 1985). 
Remote sensing as a measuring and monitoring tool 
Remote sensing offers a unique perspective and an assessment tool for resource management. It is physically 
possible to implement and maintain a vegetation monitoring programme that involves say monthly, 6-monthly 
or annual field visits to a number of sites. It is however not possible to gain from such data a full measure of 
spatial distribution and variability of vegetation cover. Remote sensing provides the only data sets that cover 
large areas very frequently (even daily global coverage). While 16-day repeat cycle of the older satellite 
systems such as Landsat or SPOT did often pose problems in regions of high cloud cover, such as East Timor, 
the new systems (free of charge) with up to 4 scenes a day (such as MODIS, http://modis.gsfc.nasa.govO offer 
unprecedented access and opportunity to researchers and managers . Recent search of MODIS archives showed 
that just since September 2001 to 1 March 2002, there have been 8 cloud free images for East Timor. During 
the same period there was only one cloud free image from Landsat or SPOT. Clearly, there is no shortage of 
data; rather we are limited by our understanding of ecological processes at large scales, our ability to interpret 
data in a timely manner and to incorporate these data to operational mapping systems (GIS) for use by 
managers. 
Remote sensing and GIS 
It should be reiterated that remotely sensed images are not an end in themselves but should be treated as one of 
the data sets within a GIS. Clearly, a number of data layers within a GIS are relatively "static", such as 
topography, soils, rainfall distribution or roads. Vegetation, on the other hand is one of the more dynamic 
components and should be regularly updated or modelled, as a dynamic feature depending on the management 
needs. 
For example, wide scale degradation of natural ecosystems, including permanent, semi-natural, sparsely 
vegetated regions of Europe have prompted the European Commission to investigate possibilities for 
establishing an operational mapping and monitoring system based on satellite data (Hill et al., 1995). It has 
been recognised that degradation processes have large spatial variability and whilst many intensive field 
studies have been conducted, it is not yet clear how they can be accurately extrapolated to larger areas. 
Remotely sensed data provide an ideal opportunity not only to assist with establishing a baseline or an 
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inventory of ecosystems but also allow for long-term monitoring to be conducted. Establishing a baseline 
(mapping) and subsequent monitoring provide two first essential steps towards successful environmental 
management, policy development and implementation. Such an operational system requires standardised 
approaches in image processing, definition of consistent indicators for monitoring, standardised definitions and 
thematic interpretation (Hill et al., 1995). Hill et al., (1995) also emphasize: 
" .. . the importance of retrospective studies which may provide the key for 
understanding the present situation, but also for optimising our approaches for 
regular monitoring" (p. 58). 
Similar approach is recommended here for countries in the South East Asia who could jointly (or through 
existing United Nations programmes) establish a system for monitoring state of their environment. 
Natural Resources Management and Remote Sensing 
This study has provided some insight into the application of remote sensing techniques to changes at the 
ecosystem level. This tool provides an insight for land managers that would only normally be available with 
more expensive ground research activities. This provides the opportunity for adaptive environmental 
management in key areas of land management. For example: 
• Identifying areas ofland use intensification as in agricultural uses and the associated extent of vegetation 
loss. For example, Bobonaro, Oecussi and Covalima where land use intensification has occurred. 
Further use of GIS overlays and remotely sensed data could help to defme problem areas. 
• Identifying scarcity in specific resources such as fuelwood. This provides valuable input into policy 
issues such as energy and targeting of specific programmes to alleviate problems associated with scarcity. 
For example, in and around Dili where there is an extreme scarcity offuelwood. 
• Identifying areas where ecosystem loss is most severe. From this study it is obvious that Bobonaro, 
Covalima and Oecussi have suffered large losses of natural ecosystems. Cause and effect relationships 
could be further examined in these areas with a view to developing methods for protection of remaining 
forested lands. This may be a pressing need if sustaining the livelihoods of forest dwellers is suffering as 
a result of increasing demand for timber products and agricultural land. 
• Application of remotely sensed data to determine extent of degradation in major watersheds. This 
provides an analytical tool for the direction of restoration programme and funding. 
• Protection of biodiversity and ecosystem services through identification of patch sizes. The diversity of 
ecosystems is under threat in East Timor and conservation of areas with significant remnant forest stands 
needs to be encouraged. This could form part of any proposal to receive funding from the Global 
Environmental Facility (GEF) under the Convention on Biodiversity- a potential source of funding. 
• Development of strategies to target identified problem areas where fire intervals are known to be 
impacting on natural ecosystems. For example Bobonaro and Manatutu where fire occurrence is high or 
increasing. 
Whilst this pilot study has had a limited scope, the usefulness of its application is apparent. There is no doubt 
that the study could be extended to the eastern parts of the country in an attempt to provide a holistic picture. 
Furthermore, the value of the study could be enhanced with some further ground truthing and defmition of 
botanical composition of forest areas. 
Current land managers need to be cognizant of the impacts and depletion of resources that has occurred under 
previous administration in East Timor. Future management will need to rely on inventories of existing forest 
resources. However, utilisation of these resources needs to be balanced with programmes which encourage 
conservation and restoration of ecosystems. It is certain that future land management strategies need to be 
different from what has preceded. How this develops in a free and independent East Timor remains a 
challenge for politicians, managers, donor agencies, and the community. 
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Appendix 1- Data by Land Cover Class for Study Area -1989 and 1999 
Land Land Cover Category Land Cover Class 1989 (cc*) 1999 
Cover Sq. Kms Sq. Kms 
Class No. 
Cloud 151.28 
1 Dense Forest Dense forest 226.41 11.26 
2 Dense Forest Dense forest 124.20 160.02 
3 Dense Forest Dense Forest 46.80 93.75 
4 Forest Mixed palm forest 490.12 325.38 
5 Forest Casuarina open forest 8.48 19.43 
6 Forest Acacia-successional 150.64 227.80 
7 Plantation Teak plantation 18.94 42.25 
8 Forest E. urophylla/mixed 0.00 42.04 
9 Forest Casuarina mixed 166.60 144.13 
10 Forest/Coffee Casuarina over coffee 0.00 108.14 
11 Forest/Coffee Albizia sp. over coffee 76.13 38.38 
12 Forest/Coffee Albizia sp. over coffee 68.58 82.83 
13 Forest/Coffee Albizia sp. over coffee 179.53 174.11 
14 Forest/Coffee Albizia sp. over coffee 139.58 171.59 
15 Woodland (poor) E.alba woodland 107.95 253.25 
16 Woodland (poor) Acacia-successional 114.17 157.1 8 
17 Woodland (poor) E.alba woodland 86.48 759.26 
18 Plantation Palm plantation 234.37 379.19 
19 Woodland E. alba woodland 677.92 212.18 
20 Woodland E. alba woodland 1153.58 384.55 
21 Woodland Mixed species 184.64 219.95 
22 Woodland (poor) E. alba woodland 0.00 334.97 
23 Woodland E. urophylla woodland 0.00 163.29 
24 Woodland (poor) E. alba woodland 157.16 157.10 
25 Woodland E. alba woodland 194.74 199.16 
26 Woodland (poor) E. alba woodland 93.23 87.30 
27 Woodland E.urophylla and mixed 144.64 58.54 
28 Woodland E.urophylla woodland 79.95 160.73 
29 Woodland E. urophylla woodland 84.73 99.15 
30 Heath/shrubland Northern coastal plain heath 81.82 84.05 
31 mangrove (not used) 
32 Heath/shrubland Sthn coastal plain shrubland 66.70 99.73 
33 Heath/shrubland Sthn coastal plain shrubland 58.69 217.90 
34 Agriculture Rice paddy 91.90 60.59 
35 Agriculture Grassland 28.18 182.79 
36 Agriculture Rice paddy 163.88 47.72 
37 Agriculture Rice paddy 19.22 59.75 
38 Agriculture Grassland 155.05 145.90 
39 Agriculture Grassland 368.14 321.97 
40 Agriculture Rice paddy 174.26 14.35 
41 Agriculture Grassland 107.58 144.91 
42 Agriculture Rice paddy 0.00 0.00 
43 Agriculture Grassland 389.91 99.99 
44 Agriculture Grassland 123.93 226.04 
45 Agriculture Grassland 48.15 8.52 
46 Agriculture Grassland 50.63 60.26 
47 Agriculture Village 213.89 140.76 
43 
....... 
Land Land Cover Category Land Cover Class 1989 (cc*) 1999 
Cover Sq. Kms Sq. Kms 
Class No. 
48 Agriculture banana plantation 0.00 0.00 
49 Agriculture Maize field 0.00 191.58 
50 Other dry river bed 79.08 78.41 
51 Agriculture crops/gardens/small veg cover, 164.03 129.08 
lots of bare soil 
52 Other coastal mud/beach 5.98 3.55 
53 Other fire scar light 181.89 232.35 
54 Other fire scar dark 172.30 99.73 
55 Other bare rocks 57.45 30.83 
56 Other dry lake bed 0.00 1.84 
57 Other coastal veg 0.00 0.00 
58 Other shadow 2.73 1.08 
59 Other bare-rocks, magenta 0.00 0.00 
60 Other bare-pink 0.00 0.00 
61 Other bare-white 52.89 38.79 
62 Other river bed-blue 76.75 23.03 
63 Other bare-brownish, coastal DILl 0.00 0.00 
64 Other darrk grey river bed 24.96 2.59 
65 Agriculture Agriculture 3.58 0.00 
66 Other riverine veg eastern rivers 31.33 0.00 
67 Other s coast shore veg 0.00 0.00 
68 Other s coast shore veg dark green delta 0.00 0.00 
69 Other river water 12.68 2.05 
70 Background background 15346.23 15497.59 
23514.66 23514.66 
*cc- cloud corrected data in 1989 for comparative purposes. 
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Appendix 2 - Data by District and Land Cover Category- 1999 
Class Land Cover Category Aileu Ainaro Oecussi Bobonaro Covalima Dili Ermera Liquica Manatutu Manufahi Land Cover Class 
No 
sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq .kms sq.kms sq.kms 
1 Dense Forest 0.23 1.30 0.12 0.15 1.90 0.07 3.75 2.01 0.07 1.24 Dense Forest 
2 Dense Forest 1.92 13.20 0.00 11.41 6.88 0.11 17.79 4.57 35.72 69.82 Dense Forest 
3 Dense Forest 9.27 9.75 0.02 5.47 3.40 0.35 19.52 3.60 15.71 26.95 Dense Forest 
4 Forest 3.36 50.66 14.87 64.16 71.90 4.36 24.61 33.26 6.45 43.40 Forest 
5 Forest 1.35 5.36 0.56 1.13 2 .96 0.06 3.69 1.19 0.53 1.86 Forest 
6 Forest 0.75 19.70 30.38 79.88 36.78 6.35 10.42 23.22 2.92 10.95 Forest 
7 Plantation 2.47 9.99 0.29 5.20 4.63 0.10 3.59 2.75 2.93 9.91 Plantation 
8 Forest 7.88 6.49 0.82 3.93 1.60 1.37 3.93 1.22 10.75 3.88 Forest 
9 Forest 11.31 25.61 0.01 4.65 2.31 0.15 17.48 0.23 39.24 43.62 Forest 
10 Forest/Coffee 16.00 35.61 0.07 3.28 1.62 0.35 19.77 0.72 18.31 11 .38 Forest/Coffee 
11 Forest/Coffee 0.74 3.05 0.30 3.21 3.57 0.11 11.42 8.25 1.03 6.45 Forest/Coffee 
12 Forest/Coffee 2.99 3.58 0.49 5.08 4.76 0.29 34.75 23 .24 1.57 5.52 Forest/Coffee 
13 Forest/Coffee 19.26 21.35 0.32 14.37 15.35 1.14 25.97 9.60 25.17 41.24 Forest/Coffee 
14 Forest/Coffee 31.33 40.21 0.12 5.49 4.96 0.66 36.96 2.38 21.36 26.91 Forest/Coffee 
15 Woodland (poor) 36.28 12.23 9.67 56.95 13.22 11.58 22.90 10.96 74.06 3.62 Woodland (poor) 
16 Woodland (poor) 5.48 6.24 16.84 50.21 6.99 12.12 12.25 17.84 20.90 5.93 Woodland (poor) 
17 Woodland (poor) 42.63 15.47 182.51 294.27 17.48 28.78 32.31 49.38 80.41 4.56 Woodland (poor) 
18 Plantation 15.84 74.22 12.65 61 .93 40.89 4.55 35.38 43.91 28.91 57.48 Plantation 
19 Woodland 29.42 21.56 6.43 45.92 14.64 5.27 27.02 9.89 41.08 9.26 Woodland 
20 Woodland 5.19 89.18 0.28 28.68 76.70 0.32 14.48 16.99 21 .94 128.31 Woodland 
21 Woodland 7.42 60.37 0.20 17.93 45.33 0.38 15.63 14.87 11.02 44.78 Woodland 
22 Woodland (poor) 61.38 35.20 1.54 20.12 17.31 3.63 35.73 11.66 77.71 69.36 Woodland (poor) 
23 Woodland 17.70 28.97 0.44 12.01 9.38 0.79 12.32 3.37 27.29 50.38 Woodland 
24 Woodland (poor) 19.41 14.04 0.78 6.03 4.53 2.69 7.19 1.31 70.68 30.00 Woodland (poor) 
25 Woodland 13.21 39.40 0.25 12.61 30 .90 0.68 12.70 . 10.18 20.59 57.78 Woodland 
26 Woodland (poor) 30.09 10.29 0.06 2.15 1.44 2.66 6.80 0.22 31.86 0.81 Woodland (poor) 
27 Woodland 5.01 6.56 0.00 2.08 2.11 0.39 6.90 1.80 11.37 22.57 Woodland 
28 Woodland 7.58 17.98 0.01 13.81 13.69 0.48 22.78 6.12 25.88 52.46 Woodland 
29 Woodland 8.09 25.08 0.82 10.67 9.17 0.70 9.00 4.61 8.96 21.70 Woodland 
30 Heath/shrubland 0.41 0.58 47.61 23.44 0.90 1.27 2.61 3.57 2.26 0.13 Heath/shrubland 
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Class Land Cover Category Aileu Ainaro Oecussi Bobonaro Covalima Dili Ermera Liquica Manatutu Manufahi Land Cover Class 
No 
sq .kms sq .kms sq.kms sq .kms sq.kms sq .kms sq.kms sq.kms sq.kms sq.kms 
32 Heath/shrubland 1.95 28.25 0.1 3 7.31 25.64 0.17 8.37 6.96 2.22 17.11 Heath/shrubland 
33 Heath/shrubland 4.49 53.03 3.08 13.79 63.66 1.15 18.28 15.95 5.39 34.85 Heath/shrubland 
34 Agriculture 0.88 5.93 2.02 9.54 4.04 4.97 8.78 4.18 9.05 8.87 Rice paddy 
35 Agriculture 17.95 6.22 12.31 22.92 6.55 19.95 9.76 11.19 71.43 2.22 Grassland 
36 Agriculture 0.25 6 .36 10.65 16.37 5.72 0.85 2.11 0.86 2.00 1.32 Rice paddy 
37 Agriculture 0.87 3.83 20.68 9.92 5.83 4.21 1.84 2.71 3.21 4.17 Rice paddy 
38 Agriculture 3.81 2.16 70.04 25.09 1.36 10.27 6.38 6.42 13.74 0.51 Grassland 
39 Agriculture 31.93 66.52 2.51 34.31 46.18 1.63 41.95 24 .52 26.63 42.36 Grassland 
40 Agriculture 1.38 2.17 0.22 2.22 0.96 0.34 1.73 0.42 3.08 1.57 Rice paddy 
41 Agriculture 10.47 30.96 3.65 19.26 11 .18 2.87 10.79 6.75 27.48 20.80 Grassland 
43 Agriculture 47.97 10.66 2.16 1.99 1.82 1.58 11.49 0.56 19.39 1.30 Grassland 
44 Agriculture 17.40 63.29 1.40 25.62 28.74 1.59 20.49 7.42 17.44 41.72 Grassland 
45 Agriculture 0.35 4.96 0.37 0.30 0.00 0.57 0.02 0.51 1.40 Grassland 
46 Agriculture 4.94 26.93 0.03 2.08 0 .94 0.11 15.27 0.32 3.62 5.51 Grassland 
47 Agriculture 5.72 4.39 27.84 26.59 4.43 12.45 8.95 13.73 31.15 2.04 Village 
49 Agriculture 33.37 16.42 19.23 53.18 22.74 1.03 22.44 4.70 10.47 6.17 Maize field 
50 Other 1.03 11.01 4.44 22.01 8.49 3.46 6.11 1.58 14.46 3.09 dry river bed I 
51 Agriculture 2.67 15.98 29.30 35.74 18.55 0.98 5.88 8.87 1.58 7.39 Agriculture, 
52 Other 0.00 0.21 0.02 0.57 0.56 0.1 5 0.02 0.43 0.37 0.31 coastal mud/beach 
53 Other 32.58 17.04 3.04 63.00 20.06 2.08 36.48 8.66 37.41 9 .20 fire scar light 
54 Other 6.14 9.86 9.58 11.70 2.85 4.96 8.01 2.96 31.08 10.62 fire scar dark 
55 Other 9.52 3.06 0.07 1.08 0.52 0.02 13.49 0.04 0.65 2.09 bare rocks 
56 Other 0.31 0.49 0.1 0 0.08 0.14 0.01 0.02 0.00 0.1 2 0.53 dry lake bed 
58 Other 0.02 0.19 0.25 0.28 0.01 0.02 0.00 0.08 0.22 shadow 
61 Other 0.45 0.70 20.59 7.70 1.19 0.57 1.01 0.22 3.24 0.52 bare-white 
62 Other 0.44 2.1 9 2.98 2.63 0.88 0.99 4.76 0.23 2.44 4.78 river bed-blue 
63 Other 0.00 0.03 0.01 0.18 0.03 0.05 0.27 0.96 0.41 0.41 dark grey river bed 
69 Other 0.01 0.53 0.03 0.82 0.18 0.02 0.03 0. 16 0.08 0.07 river water 
70 Other 5.30 181.96 55.48 60.88 39.93 36.75 307.85 247.93 background 
Sum 650.90 1101 .92 756.79 1338.05 811.72 208.1 5 774.98 490.51 1383.26 1341.34 
no data 22863.76 22412.74 22757.87 22176.61 22702.94 23306.50 22739.68 23024.1 5 22131.40 22173.32 no data 
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Appendix 3 - Data by District and Land Cover Category- 1989 
Class Land Cover Category Aileu Ainaro Oecussi Bobonaro Covalima Dili Ermera Liquica Manatutu Manufahi Land Cover Class 
No 
sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms 
1 Dense Forest 14.19 22.82 3.46 26.28 56.82 1.27 30.87 23.38 8.09 35.64 Dense Forest 
2 Dense Forest 4.42 17.43 0.16 8.05 5.02 0.00 25.12 3.13 27.43 33.46 Dense Forest 
3 Dense Forest 0.52 5.10 0.00 2.15 1.69 0.00 16.33 1.00 8.00 12.25 Dense Forest 
4 Forest 4.97 126.00 20.17 85.08 125.99 3.52 21.37 20.34 8.54 62.68 Forest 
5 Forest 0. 10 4.71 0.13 0.25 1.17 0.16 0.22 0.11 0.54 0.76 Forest 
6 Forest 0.81 16.57 12.10 43.52 21.46 9.72 7.38 16.17 11.16 7.95 Forest 
7 Plantation 1.45 4.17 1.05 2.38 1.86 0.25 1.31 1.01 2.12 3.11 Plantation 
9 Forest 15.94 19.08 0.17 7.94 3.97 0.00 18.64 2.75 40.95 58.40 Forest 
11 Forest/Coffee 1.97 3.85 0.17 6.24 10.01 0.01 25.43 16.67 1.97 9.50 Forest/Coffee 
12 Forest/Coffee 0.94 
' 
2.56 0.03 3.16 4 .34 0.00 20.59 5.68 9.71 21.74 Forest/Coffee 
13 Forest/Coffee 13.77 16.25 0.43 11.25 13.76 0.03 31 .59 6.78 27.65 58.91 Forest/Coffee 
14 Forest/Coffee 15.83 17.93 0.96 7.16 7.41 0.16 31.12 11.45 18.85 28.56 Forest/Coffee 
15 Woodland (poor) 5.46 3.81 22.22 47.61 2.84 5.29 2.92 9.35 6.17 1.33 Woodland (poor) 
16 Woodland (poor) 4.21 4.45 11.69 26.63 1.63 8.93 5.17 12.52 35.56 2.34 Woodland (poor) 
17 Woodland (poor) 8.68 0.57 27. 14 23.62 0.85 5.61 1.05 8.35 9.67 0.12 Woodland (poor) 
18 Plantation 7.13 63.12 4.15 31.57 44.40 3.46 15.87 11.52 14.43 35.39 Plantation 
19 Woodland 37.51 70.22 137.80 149.82 42.36 26.67 38.17 38.21 88.71 35.83 Woodland 
20 Woodland 80.14 173.98 65 .1 2 186.80 147.60 12.69 80.00 94.57 108.59 193.24 Woodland 
21 Woodland 13.84 29.42 1.69 17.48 26.17 0.21 20.34 9 .78 13.36 51.04 Woodland 
24 Woodland (poor) 39.36 13.26 1.12 4.21 5.12 0.15 12.63 4.08 47.41 29.36 Woodland (poor) 
25 Woodland 26.44 19.53 1.18 20.94 17.90 0.14 25.70 8.37 23.78 50.83 Woodland 
26 Woodland (poor) 44.07 11.09 0.50 1.43 3.66 0.09 8.75 1.46 15.97 5.22 Woodland (poor) 
27 Woodland 21.08 31.03 0.01 4.41 1.60 0.00 31.44 0.71 29.35 24.45 Woodland 
28 Woodland 4.23 8.62 0.05 5.97 5.15 0.01 12.83 2.40 15.61 25.42 Woodland 
29 Woodland 4.43 6.95 0.23 6.85 10.21 0.01 11.34 2.74 14.91 27.32 Woodland 
30 Heath/shrubland 0.20 5.16 10.16 33.10 2 .75 3.89 3.40 6.88 13.42 0.93 Heath/shrubland 
32 Heath/shrubland 1.51 24.08 2.08 10.73 10.41 1.05 3.42 4.80 2.71 5.03 Heath/shrubland 
33 Heath/shrubland 0.73 15.18 0.66 9.99 7.12 0.57 1.97 5.91 2.66 13.40 Heath/shrubland 
34 Agriculture 1.66 22.99 2.93 14.76 6.23 2.03 6.89 3.95 14.73 14.90 Grassland 
35 Agriculture 0.23 0.22 9.48 2.58 0.12 5.11 0.18 3.72 5.75 0.09 Rice paddy 
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Class Land Cover Category Aileu Ainaro Oecussi Bobonaro Covalima Dili Ermera Liquica Manatutu Manufahi Land Cover Class 
No 
sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms sq.kms 
36 Agriculture 1.30 10.52 61.40 57.33 7.00 2.68 2.67 3.54 9.96 1.78 Rice paddy 
37 Agriculture 0.08 0.47 4.80 3.15 0.97 3.30 0.40 1.49 2.89 0.92 Grassland 
38 Agriculture 3.59 5.29 31.64 38.57 1.81 15.80 4.35 18.93 31.39 1.67 Grassland 
39 Agriculture 45.64 51 .12 7.93 44.28 43.05 0.66 46.54 8.85 49.08 66.97 Rice paddy 
40 Agriculture 18.94 21 .03 5.17 16.01 5.97 3.30 16.20 6.53 58.96 20.69 Grassland 
41 Agriculture 20.46 12.76 0.37 6.34 4.95 0.04 12.78 2.29 20.41 27.14 Grassland 
43 Agriculture 108.57 44.38 22.58 51 .69 33.85 3.13 47.59 11.38 42.74 20.11 Rice paddy 
44 Agriculture 22.64 26.23 0.13 6.95 6.61 0.06 25.26 2.74 12.79 19.78 Rice paddy 
45 Agriculture 5.33 17.65 0.02 0.87 0.34 0.00 10.47 0 .34 7.02 5.66 Grassland 
46 Agriculture 2.28 20.25 0.15 5.05 2.70 0.05 4.86 1.21 6.03 8.09 Grassland 
47 Agriculture 3.50 24.99 20.98 66.99 9.55 11.96 13.22 23.42 26.96 9.45 Village 
50 Other 0.93 10.93 8.80 18.14 8.38 5.58 2.03 2.97 14.03 4.42 dry river bed 
51 Agriculture 3.88 23.17 3.73 60.26 8.14 4.60 11 .99 7.74 34.31 5.13 Agriculture 
52 Other 0.07 0.44 1.40 0.22 1.24 0.00 0.12 0.17 0.90 0.66 coastal mud/beach 
53 Other 11.43 7.66 18.51 67.62 11.10 7.46 10.10 7.75 30.69 6.03 fire scar light 
54 Other 16.51 20.63 3.37 10.90 3.38 6.03 12.92 4.79 67.36 25.10 fire scar dark 
55 Other 3.63 18.57 0.09 1.24 0.45 0.00 26.16 0.02 2.39 3.99 bare rocks 
58 Other 0.02 0.62 0.45 0.75 0.03 0.00 0.09 0.00 0.18 0.57 shadow 
61 Other 1.13 1.54 38.97 2.76 0.88 1.24 0.56 1.04 1.91 0.31 bare-white 
62 Other 2.77 6.07 2.92 12.83 2.80 6.85 9.95 4.60 19.03 7.08 river bed-blue 
64 Other 0.14 1.98 1.58 2.76 1.37 3.50 2.13 3.53 4.11 2.69 darrk grey river bed 
65 Agriculture 0.01 0.46 1.13 0.21 0.38 0.25 0.03 0 .09 0.09 0.29 Agriculture 
66 Other 2.01 7.71 1.10 3.42 3.96 0.59 2.20 2.10 3.06 4.81 riverine veg eastern 
rivers 
69 Other 0.19 2.04 0.58 2.21 2.27 0.13 0.33 0.44 1.31 0.93 river water 
70 Other 4.39 181.96 14.42 36.17 39.93 36.75 302.12 197.11 background 
650.90 1101.01 756.79 1296.99 787.01 208.15 774.98 490.51 1377.53 1290.60 
no data 22863.76 22413.65 22757.87 22217.67 22727.65 23306.50 22739.68 23024.15 22137.13 22224.05 
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